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MILITARir  CURRICULUM  MRiEERIAIS 


The  tnilitary-de£velc^>ed  curriculum  mberials  in  this  course 
package  were  selected  by  the  National  Canter  for  Research  in 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  mterials  agencies.   The  purpose  of 
disseminating  tliese  courses  was  to  make  curriculum  tnaterials 
developed  by  the  military  nore  accessible  to  vocational 
educators  in  the  civilian  setting. 

The  ooujse  materials  ware  aoquired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination-   Materials  which  were  specific  to  the  nilitary 
were  deleted,  copyrighted  materials  were  either  emitted  or  appro- 
val for  their  use  was  obtained.   These  course  packages  contain 
curriculum  resource  materials  ^diich  can  be  adapted  to  support 
vocational  instruction  and  cxundculum  development. 


The  National  Center 
Mission  Statement 


The  National  Center  for  Research  In 
Vocational  Education's  mission  Is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

«  Generating  knowledge  through  research 

«  Developing  educational  programs  and 
products 

«  Evaluating  individual  program  needs 
and  outcomes 

«  Installing  educational  programs  and 
products 

«  Operating  information  systems  and 
services 

«  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 
Military  Curriculum  Materials 

WRtTE  OR  CALL 

Program  Information  Office 

The  National  Center  for  Research  in  Vocationat 

Education 
The  Ohio  State  University 
1960  Kenny  Road,  Columbus.  Ohio  43210 
M     Teler^one:  614/48&3665  or  Toll  Free  800/ 
4       84&4815  within  the  contfnentat  U.S. 
(except  Ohio) 
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Technical  Education 


Information  and  Field 
Services  Division 


The  National  Center  for  Research 
in  Vocational  Education 


Military 

Curriculum  Materials 
Dissemination  Is  . . . 


an  activity  to  increase  the  accessibility  of 
miiitary^deveioped  curricuium  materiais  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
Education^  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guards  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
Understandins"  between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech* 
nical  education  are  selected  for  dissemination 

The  National  Center  for  Research  in 
Vocational  Education  is  the  U.S.  Office  of 
Education's  desisnated  representative  to 
acquire  the  materials  and  conduct  the  project 
activities. 

Project  Staff: 

Wesley  E.  Budke,  Ph.D.,  Director 
National  Center  Clearinshouse 

Shirley  A.  Chase,  Ph.D. 
Project  Director 
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What  Materials 
Are  Available? 


How  Can  These 
Materials  Be  Obtained? 


One  hundred  twenty  courses  on  microfiche 
(thirteen  In  paper  form)  and  descriptions  of 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. * 


Contact  the  Curriculum  Coordination  Center 
(n  your  region  for  Information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 
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Courii  OitQrIptfOn, 

Thl>  block  ii  th«  firit  Of  tin  biocki  Providing  training  In  «|«etrOnto  prinolptii,  uHOf  bMie  lilt  iqulPmtnt,  ufaty  PrMtlcM,  circuit  inaiv<fl.  wldtrlng,  (figilal 
ivchniquai,  microvyravi  PrJnciPlvi,  ind  troublilhootlng  bilk  circulti.  Block  l-OC  Ctrcutti  eontilni  dmodulti  coviHng  63  houn  or  fmtruclion  on  lifitv 
malhamatki,  volt«o«,  raillUnca,  titt  iqulprtlint,  ind  circuit  inilyili.  MoOulv  1-0rl«ntitlon  Wii  dtlittd  b«cautfl  it  conlilni  mlfllafv  IPicltie  Information 
and  laiki.  Tha  idactfd  modufat  and  raipactlw  houn  follow: 

Modula  2  *-  Sifaty  ind  Pint  AM  (2  houn) 

Modula  3  ^  fitactrontoMitlwmtlei  {$  houn) 

Moduli  4  -  Direct  Currant  ind  VoK^gt  (3  hourt) 

Moduli  B  -  RMtetanet,  Ratlaton,  ind  Sdiamitlo  Symboli  (6  houn) 

Modula  6  -  Multlmfftar  Uim  (6  houn) 

Modula  7  -  tariM  ttattittva  CIrculU  (9  hount 

Modula  B  *  P^allal  ttatttttva CJreulta  (B  houn) 

Modula  9  -  :i«riia*Pirillal  Rtilttlvt  Clrcuha  (13  houn» 

Modula  10  -  TroubloahootlngOCtta«iitlv«Clrcuhi<dhoun) 

Thll  Uo<:k  contains  both  taachw  and  itudant  nrutarlali*  Printad  InltructOr  matarlali  Include  a  Ptan  of  tmtructton  detailing  the  unlti  ol  initructlon,  duration 
of  the  \euonv  criterion  obiectlvtt,  and  lUPport  matwlali  needed.  Student  materidli  Include  two  itudent  taxti*  £t§ctfonic»  Handbook  and  DC  Priftti0teM, 
which  are  used  for  all  the  modulatj  guidance  packagei  for  modulei  Ihree  tbfough  ten  containing  objecttvei  and  review  eNercliei:  four  Programmed  tawti 
on  electronic  mathametta.  lertas  reiiitlve  circuits  peratlal  rtsiittve  ciroiiti  end  le/lei-parallel  reiiittvt  clreuiti:  and  two  handOuti  on  OC  AC,  and  RCL 
circuiti  and  test  equipment  operating  Initructloni,  In  addition  a  digest  of  the  fint  ten  modulei  H  Provided  for  itudenti  who  have  a  background  In  those 
topid  and  only  need  to  review  the  major  pointi  of  lnitructlon« 

This  materiel  ii  desjgned  for  self,  or  group-paced  initructlon.  Moit  of  the  nwce^iafi  can  be  adeptod  for  IndivlduaMied  Initructlon.  Some  addiiionel 
military  manuali  and  commercially  Produced  XMt  ere  recommended  ei  references  but  these  ere  not  provided.  Audloviiueli  luggeited  for  use  with  tne 
entire  course  include  143  videotapes.  Elsctronlo  PrIrtdPka  I  ihould  be  used  with  the  remaining  9  bfocki  to  form  a  complete  course  in  electronic  Pfincfpltr 
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Keealer  Air  Force  Base^  Mlaelaalppl  39534 


FLAN  OF  INSTRUCTION  3AQR30020-1 
6  November  1975 


FOREWORD 


1,    PURPOSE:    Thla  publication  la  the  pUn  of  Inatructlon  (POI)  when  the 
pagea  ahovn  on  page  A  are  bound  Into  a  ilngle  document*    Tha  POI  pres- 
cribes the  qualitative  requirements  for  Course  Number  3AQR30020-1«  Elec- 
tronic Principles  (Modular  Self-Paced)  In  terms  of  criterion  objectives 
and  teaching  steps  presented  by  modules  of  Inatructlon  and  ahwa  duration^ 
correlation  vlth  the  training  standard*  and  support  materials  and 
guidance*    When  separated  into  modules  of  Instruction*  It  becomes  Part  I 
of  the  lesson  plan*    This  POI  was  developed  under  the  provisions  of 
ATCR  50-5*  Instructional  System  Development*  and  ATCR  52-7*  Plans  of 
Instruction  and  Lesson  Plana* 

2«    COURSE  design/description.    The  Instructional  design  for  this  course 
Is  Modular  Scheduling  and  Self-Paclng;  however*  this  POI  can  also  be 
used  for  Croup  Pacing*    The  course  trains  both  non-prior  service  airmen ' 
personnel  and  selected  re^enllstees  for  subsequent  entry  Into  the  equipment 
oriented  phase  of  basic  courses  supporting  303XX*  304XX»  307XX*  309XX  and 
328XX  AFSCs.    Technical  Training  Includes  electronic  principles*  use  of 
basic  test  equipment*  safety  practices^  circuit  analysis*  soldering*  digital 
techniques^  microwave  principles*  and  troubleshooting  of  basic  circuits. 
Students  assigned  to  any  one  course  will  receive  training  only  In  those 
modules  needed  to  complement  the  training  program  In  the  equipment  phase. 
Related  training  Includes  traffic  sKfety»  commander's  calls/brleflngs  and 
end  of  course  appointments* 

3.  THAINING  EQUIPMENT.  The  number  shovn  In  parentheses  after  equipment 
listed  as  Training  Eoulpment  under  SUPPORT  MATERIALS  AND  GUICANCE  Is  the 
planned  number  of  students  assigned  to  eadi  equipment  unit* 

4*  REFERENCES*  This  plan  of  Instruction  Is  based  on  Course  Training 
Standard  KE52*3AQR30020*1*  27  June  1975  and  Course  Chart  3AQR30020-1* 
27  June  1975 • 

FOR  THE  COMMANDER 


wTtI*  HDRNE^  Colotietr 
Coimander 


Tech  Tng  Gp  Prov»  3395th 


OPR!  Tech  Tng  Gp  Prov^  3395th  - 
DISTRIBUTION:    Listed  on  Page  A 
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MODIFICATIONS 


fy\^J.»  \^    ■!  oi  this  publication  has  (have)  been  deleted  In 

adapting  this  material  for  Inclusion  In  the  "Trial  Implementation  of  a 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  In  Vocational 
and  Technical  Education*"    Deleted  material  Involves  extensive  use  of 
military  forms^  procedures,  systems,  etc.    and  was  not  considered  appropriate 
for  use  In  vocational  ^nd  technical  education. 


PLAN  OP  INSTRUCTtON/Le^SON  PLAN  PART  I 


HAH€  OF  IHlTRUCTOfI 


COUfltC  T(TLS 

EUctronlc  Principles 


1 


BLOCK  TITUC 

DC  circuits 


1 


COURSE  COHTKHT 


DURATION 


2«    Safety  and  First  Aid  (Module  2) 

a*    From  a  group  of  fltatementa,  select  those  that  describe 
safety  precautions  which  should  be  observed  when  working  on 
electrical  equipment*    CTS:  la        Meas;  W 

(1)  Accident  causes 

(a)  Human  error 

(b)  Material  failure 

(2)  Electrical  hazards 

(a)  High  voltage  and  current 

(b)  Fusing  equipment 

b.    From  a  group  of  statements,  select  those  which  name  the 
proper  first  aid  measure  to  be  used  for  the  treatment  of  electrical 
shock*    CIS:  lb  Meas;  W 

(1)  Factors  determining  severity  of  electrical  shock* 

(a)  Part  of  body  Involved* 

(b)  Amount  of  current. 

(c)  length  of  contact. 

(2)  Treatment  of  severe  electrical  shock* 

(a)  Turn  circuit  power  off* 

(b)  Remove  victim 

 fc>    Artificial  Respiration  
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SIGHATUlie 


DATE 
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PLAN  OF  IHSTRUCTIOH  HO. 

 3AQR30020-1  


OATE 

-  6  Kovemb  er -1 9 75  ^ 


PAGE  HO. 


PLAN  OP  imTRUCnONAESSON  PLAN  PART  I  (CoitttntiottM  ShWt) 


COURSe  CONTENT 


c.  From  a  list  of  £lre  extinguisher  types,  select  the  one  used  for  electrical 
fires,    CTS:  U      Meas:  W 

(1)  Classes  o£  fires 
(a)    Class  "A"  fire 
<b)    Class  ''B"  fire 
<c)    Class  "C"  fire 

(2)  Types  of  fire  extinguishers, 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
KEP-GP-2,  Safety  and  First  Aid 

KEP-112,  Safety  Precautions  and  First  Aid  for  Electronic  Principles 

ATC-PT-52-11 

KEP-ST-1,  DC  Principles 

Audio  Visual  Aids 
TVK-30-101B,  Safety 

Training  Methods 

Discussion  (2  hrs)  and/or  Progreunned  Self  Instruction 
Instructional  Guidance 

issue  KEP-GP-2,  KEP-ST-112  and  KEP-ST-1.  Portions  of.  this  material  have  been 
covered  at  Lackland  AFB  during  basic  training.  Encourage  students  to  discuss 
what  they  have  already  learned. 


■  PLAN  OF  INSTRUCTION  HO^ 

3AQR30020-1 


-DATE'  -  ■  -   -• 

6  November  1975 


4 


16. 


PLAN  OP  INSTRUCTION/UeSSON  PLAN  PART  I 


namc  or  tHiTftuCTon 


CCXiniK  TITLK 

Electronic  Principles 


iLOCK  hummkm 
I 


ILOCtC  TITLK 

DC  Circuits 
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COURSE  CONTENT 


OURATION 


3«    Electronic  Mathematics  (Module  3) 

a.  Given  five  multiplication  and  five  division  problems*  solve 
by  using  powers  of  ten.    CIS:  3b     Meas:  W;  PC 

(1)  Define 

(a)  base  number* 

(b)  exponent. 

(c)  numerical  coefficient. 

(2)  Convert  numbers  to  powers  of  ten. 

(3)  Solve  problems  requiring  use  of  powers  of  ten  for 

(a)  multiplication. 

(b)  division, 

(c)  addition, 

(d)  subtraction* 

b*  Given  five  electronically  related  equations,  solve  at  least 
four  correctly  for  any  unknown  value.    CTS:  3b      Meas:    W;  PC 

(1)  Define  "equation*" 

(2)  Apply  axioms  In  equation  problems. 

(3)  Transpose  terms  In  equations. 

(4)  Solve  simple  equations* 


6 

(6/0) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN  {PART  11) 


SIGNATUItE 


OATE 


SIGN  ATUttC 


OATE 


PLAN  OF  INSTRUCTION  NO. 


L 


3AQR30020-1 


OATE 

6  November  1975 


PACE  HO. 

5 


ATC  133      ATCK«,t.r«.lw     «CPLACes  ATC  FORMS  317.  MAfl  71.  ANO  T70.  aUO  7*.  WHICH  WILL  iC 


PLAN  Of>  INSTRUCTIONACSSON  PLAN  PART  I  (C«nMiwatlM  SliMt) 


COURSE  COHTCHT 


SUPPORT  MATERIALS  AND  GUIDUTCE 

Student  Instructional  Materlala 
KEP-GP-3,  Electronic  Mathematlca 
KEP-ST-1 

KEP-107,  DC,  AC  and  RCL  Circuits 
KEP-HO-110,  Electronics  Handbook 
KEP-PT-3i  Electronic  Mathematics 
Audio  Visual  Aids 
TVK  30-153,  Powers  of  Ten 
TVK  30*156,  Single  Equations 
TVK  X^-10>,  Powers  of  Ten 
Training  Methods 

Discussion  (6  hra)  and/or  Programtned  Self  Instruction 
Instructional  Guidance 

Issue  KEP-GP-3,  KEPt'IO?  and  KEP-HO-110.    Discuss  powers  of  ten  conversions  and 
computations.  Relate  povers  of  ten  to  standard  prefixes  and  explain  hov  to  solve 
electronic  equations  for  an  unknown  value.    After  completion  of  GP-3iadminlster 
progress  check  and  record  results  for  each  student. 
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Electronic  Principles 
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DC  Circuits 
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COURSE  COHTCHT 


4*    Direct  Current  and  Voltage  (Module  4) 

a*  From  a  group  o£  etatements^  select  the  ones  which  describe 
a  conductor  and  an  Insulator*    CTS:  3a       Meas:  W 

(1)    Describe  the  structure  o£  matter* 

(a)  Atomic  structure 

(b)  Sub-atomic  structure 


OURATIOH 


3 

(3/0) 


1 


(2)  Define  and  give  examples  o£  elements^  compounds^  and 
mixtures* 

(3)  Define  Ionization* 

(4)  Explain  the  electrical  characteristics  o£  conductors^ 
semi 'conductors  and  Insulators* 

b*     From  a  group  of  statements^  select  the  one  that  describes 
the  movement  o£  free  electrons  within  a  conductor*    CTSt  3a    Meas:  W 

(1)    Describe  the  atomic  structure  of  conductors 

(a)  Valence  electrons 

(b)  Free  electrons 

c«    From  a  group  of  terms  and  symbols^  select  those  which  name 
the  unit  of  measurement  and  symbol  of  electron  flow*    CTS:  3a 
Meas:  W 

(1)    Relate  the  symbols  for  current  and  amperage* 
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COURSE  COHTENT 


d«    From  a  group  of  statements^  select  the  one  which  describes  the  pressure 
that  causes  the  movement  of  free  electrons  ulthln  a  conductor*    CIS;  3a    Meas:  W 

(1)  Requirements  for  current  flow 

(2)  Define  electromatlve  force 

e.    From  a  group  of  terms  and  symbols^  select  those  which  name  the  unit  of 
measurement  and  the  symbol  for  Electromotive  Force.    CIS:  3a    Meast  W 

(1)    Relate  the  symbols  for  volt  and  voltage  (EMF)* 

ft  From  a  group  of  statements^  select  five  that  describe  coimnon  sources  of 
electromotive  force.    CIS:  3a     Meas:  W 

(1)    List  and  give  examples  of  the  following  sources  of  EMF* 

(a)  Mechanical 

(b)  Chemical 

(c)  Thermal 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

KEP-GP-4»  Direct  Current  and  Voltage 

KEP-ST-1 

KEP-107 

KEP-110 

Audio  Visual  Aids 

TVK  30-101  C»  Electrical  Properties  of  Matter 
TVK  30-101  D,  Charged  Bodies 
TVK  30-101  E,  Voltage 
TVK  30-101  F»  Current 

Training  Methods 

Discussion  (3hr3)  and/or  Progratnned  Self  Instruction 
Instructional  Guidance 

Issue  KEP*GP"44    Explain  how  atomic  structure  determines  the  conductivity  of  a 
material*    Define  and  give  symbols  for  all  terms  related  to  current  and  voltage* 
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 1 


COUNSK  TITUK 

Electtonlc  Principles 


■  LOCK  TITLC 

DC  circuit a 


1 


COUItSB  CONTENT 


5.    Resistance,  Realstors,  And  Schematic  Symbols  (Module  5) 


1 


a.  From  a  group  of  statements ^  select  the  one  that  describes 
the  opposition  to  the  movement  of  free  electrons  within  conductor. 
CTS:  3a       Meas;  W 

(1)    Define  Resistance. 

b.  From  a  group  of  terms  and  symbols ^  select  those  which  name 
the  unit  of  measurement  and  the  symbol  for  resistance*    CTS:  3a, 
Meas;  W 

(1)    Relate  the  symbols  for  resistance  and  ohm* 

c.  From  a  group  of  resistor  symbols^  select  the  symbol  for  a 
flxedf  tapped^  and  variable  resistor.    CTS:  3a     Meas;  W 

(1)    Resistor  symbols 

d.  Given  five  resistor  pictorials^  classify  each  as  carbon^ 
fixed  wlre»  slide  tap^  rheostat^  or  potentiometer.    CTS:  3a 
Meas:  W 

(1)    Relate  types  of  resistors  Co  physical  appearance* 

e*    From  a  group  of  schematic  symbols ^  select  the  one  that 
represents  a  battery;  fuse;  conductor;  lamp;  switch*    CTS:  3a 
Meas:  W 

(1)    Schematic  symbols  commonly  used  In  electronics* 

f*     Using  a  resistor  color  code  charc^  determine  the  assigned 
value  of  five  composition  resistors.    CTS;  3c     Meas:  PC 

(1)    End*to-cencer  resistor  color  coding  system* 
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PLAN  Of  IHSTRUCTION/LESSON  PLAN  PART  I  (Conttmiotlon  SliMt)^ 

COURSe  CONTCNT 

(2)    Use  laboratory  exerclsr  as  practice  in  reading  color  codes* 

g*    Given  four  schematics  showing  tuo»  three^  or  four  batteries  connected 
together^  select  the  schematic  connected  for  maximum  output  voltage* 
CTS:  3b     Meas!  W 

(1)  Illustrate  connections  for  batteries  In 

(a)  series* 

(b)  parallel 

( c )  series -parallel * 

(2)  Compare  the  output  voltage  of  each  type  connection* 

6*    Measurement  and  Critique  (Fart  1  of  2  Parts)  1 
a*    Measurement  Test 
b«    Test  Critique 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

K£P-GP-5«  Resistance^  Resistors  and  Schematic  Symbols 

KEP-ST-1 

KEP-107 

KEP-110 

Audio  Visual  Aids 

TVK  30-101  Cy  Resistance 

TVK  30*101  H«  Circuit  Symbols  &  Components 

TVK  30-101  V>  Review  of  Safety  and  Electronic  Mathematics 

Training  Equipment 

DC  Resistor  Trainer  5531  (1) 

Training  Methods 

Discussion  (3*5  hrs)  and/or  Programned  Self  Instruction 
Performance  (*5  hrs) 

Multiple  Instructor  Requirements 
Equipment  (2) 

Instructor  Guidance 

Issue  KEP-GP-5*    During  performance  of  laboratory  exercise  i  monitor  students 
closely  to  Insure  proper  use  of  equipment*    No  formal  progress  check  Is  required* 
Discuss  test  procedures  and  direct  student  to  test  room* 
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7.    Multimeter  Usea  (Module  6) 


a*    From  a  group  of  statements  concerning  the  multimeter,  select 
the  one  which  Identifies  the  purpose  of  a  function  switch;  range 
switch;  ohms  zero  adjust*    CTS:  2b     Meas:  W 

(1)  Using  a  mock-up,  Identify  the  switches  and  the  ohms 
zero  adjust* 

(2)  State  the  purpose  of  each  switch  and  the  ohms  adjust* 

b*  Given  a  multimeter,  Identify  the  test  leads;  voltage  scales; 
current  scales;  resistance  scales;  polarities.    CTS:  2b    Meas:  PC 

(1)    Using  a  mock-up.  Identify  each  scale. 

c.  Using  the  multimeter  and  trainer,  measure  resistance,  AC 
voltage  and  DC  voltage  with  ±  10  percent  accuracy*  CTS;  2b,  la 
Meas;  PC 
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COURSe  COHTBHT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Inatructloiml  Materials 

KEP-GP-6f  Multimeter  Used 

KEP-ST-1 

KEP-107 

KEP-110 

KEP-lOdf  Test  Equipment  Operating  Instructions 

Audio  Visual  Aids 
TVK  30-101  I,  Volt  Meter 
TVK  30-101  J,  Ammeter 
TVK  30-101  K,  Ohm  Meter 

Training  Equipment 

AC  Inductor  and  Capacitor  Training  5967  (1) 
DC  Resistor  Trainer  5531  (1) 
DC  Power  Supply  4649  (1) 
Multimeter  AN/PSM-6  (1) 

Training  Methods 

Discussion  (3  hrs)  and/or  Progranmed  Self  Instruction 
Performance  (1  hr) 

Multiple  Instructor  Requirements 
Equipment  (2) 

Instructional  Guidance 

issue  KEP-GP-6.  Supervise  performance  of  laboratory  exerci^es^  Administer 
progress  check  and  record  results  for  each  student. 
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8.    Series  Resistive  Circuit  (Module  7) 

a.  Given  four  diagrams,  select  the  one  which  satisfies  the 
requirements  for  a  DC  circuit.    CTS:  3a     Meas:  W 

(1)    Basic  requirements  for  current  flow 

b.  From  a  group  of  statements*  select  the  one  that  describes 
Ohm's  Law  as  related  to  current,  voltage*  and  resistance. 

CTS:    3a       Meas:  W 

(1)  Define    "Ohm's  Law.*' 

(2)  Transposed  foras  of  Ohm*s  Law. 

c.  Given  a  series  circuit  schematic  diagram  and  formulas* 
solve  for  total  resistance;  total  current;  total  power.    CTS:  3b 
Meas :  W 

(1)  Ohm's  Law  as  applied  to  series  circuits. 

(2)  Klrchho£f*s  Law  as  applied  to  series  circuits. 
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SUPPORT  H/iTERIALS  AND  GUIDANCE 

Studant  Instructional  Materlala 

KEP-GP-?,  Series  Resistive  Circuits 

KEP-ST-l 

KEP-107 

KEO-110 

KEP-PT-7,  Series  Reaiative  circulta 
Audio  Visual  Aids 

TVK-30-101  L,  Series  Circuits  (Analysis) 
TVK-30-101  H,  Series  Circuits  (Power) 

Training  Methods 

Discussion  (5  hrs)  and/or  Programaed  Self  Instruction 
Instructional  Guidance 

Issue  KEF'GP-7.  Give  students  ample  practice  in  identifying  formulas  and  solving 
problems. 
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COURSE  COHTBHT 


DURATION 


9.    Parallel  Reslaclve  Circuits  (Module  8) 


a*  From  a  group  of  scacemencs>  select  Che  ones  Chat  describe 
Klrchhoff's  Law  for  current  and  for  voltage*    CIS:  3a     Meas:  W 


5 

(5/0) 


(1)    Klrchhoff's  taws  for  closed  loops  as  applied  Co 
parallel  circuits* 

b*    Given  a  parallel  circuit  schematic  diagram  and  formulas » 
solve  for  total  resistance;  total  curre^at;  total  power* 
CTS:  3b     Meas:  W 

(1)    Relate  formulas  for  total  resistance. 


(a)  Reciprocal 


(b)    Product  over  the  sum 


ERIC 


(c)    Special  formula  for  equal  sized  resistors* 
Klrchhoff*s  Law  for  total  current  In  parallel  circuits*  Total 
power  In  parallel  circuits* 

c«    Given  a  bridge  circuit  schematic  diagram*  make  necessary 
calculations  to  determine  whether  the  circuit  is  balanced  or 
unbalanced  *    CTS :    3b     Meas :  W 
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COURSe  COHTBHT 


SUPPORT  MATERIALS  AHD  GUIEAKCE 

Student  Irntructlonal  Materlala 

Parallel  Resistive  Circuits 

KEP-ST-1 

KEP-107 

KEP-110 

KEP-PT-8,  Parallel  Resistive  Circuits 
Audio  Vlstial  Aids 

TVK-30-101  P,  Parallel  Circuits  (Analysis) 
TVK-30-101  R,  Resistive  Bridge  Circuits 
TVK-30-101  Q,  Parallel  Circuits  (Power) 

Training  Methods 

Discussion  (5  hra)  and/or  Progranmed  Self  Instruction 
Instructional  Guidance 

Issue  KEP-GP-8.  Check  for  students  having  trouble  with  using  powers  of  ten  In 
problem  solving* 
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COURSE  CONTeNT 


10*    Series-Parallel  Resistive  Circuits  (Module  9) 

a*    Given  a  series-^parallel  circuit  schematic  diagram  and 
formulas,  solve  for  total  resistance;  total  current;  total  power; 
individual  voltage  drops.    CTS:  3b     Meas:  W 

(1)  Ohm*s  Law  as  applied  to  seriea-^parallel  circuits 

(2)  Kirchhoff*s  Laws  as  applied  to  series-parallel  circuits 

b*    Using  a  multimeter  and  a  trainer  with  a  loaded  voltage 
divider,  determine  the  polarity  and  measure  the  magnitude  of  a 
voltage  with  respect  to  the  ground  reference  point  with  +  10  percent 
accuracy.    CTS;  3b,  2b,  la       Meas:  PC 

c.    Using  a  multimeter  and  a  trainer  with  a  three-component 
series-parallel  resistive  circuit,  measure,  within  +  10  percent 
accuracy,  the  total  resistance,  and  individual  voltage  drops* 
CTS:  2b,  3b        Meas;  PC 
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COURSe  COHTeHT 


SUPPORT  MATERIALS  AND  GUIDAKCE 


Student  Inatructlonal  Materials 

KEP**GP**9f  Series-Parallel  Resistive  Circuits 

KEP-ST-1 

KEP-107 

KEP-110 

KEP^PT-9t  Series-Parallel  Resistive  Circuits 

Training  Equipment 

DC  Resistor  Trainer  5531  (1) 

AN/pSM-6  (1) 

Audio  Visual  Aids 

TVK-30-101  0,  Voltage  Dividers 

TVK-30-101  V,  Loaded  Voltage  Dividers 

TVK-30**101  Sf  Serles^Farallel  Resistive  Circuits 

Training  Methods 

Discussion  (7  hrs)  and/or  Progranmed  Self  Instruction 
Performance  (2  hrs) 
CTT  Asslgmuent  (4  hrs) 

Multiple  Instructor  Requirements 
Equipment  (2) 

Instructional  Guidance 

Issue  KEP-GP-9*    Supervise  per fprmance  of  laboratory  exercises* 
Monitor  students  closely  to  Insure  proper  safety  precautions  and  correct  use 
of  laboratory  equipment*    Administer  progress  check  and  record  results  for  each 
student*    Assign  objectives  to  be  accomplished  outside  of  classroom  during 
CTT  time* 


30 


PLAN  or  INSTRUCTION  NO. 


3AQR3002O-1 


oate 

6  November  1975 


22- 


PLAN  OP  tNSTRUCTtON/LeSSON  PLAN  PART  t 


nam!  Of  »K»TttUCTOh 


COURK  TITLi 

Electronic  Principles  ^ 


iLOCK  NUWOIR 

I 


iLOCK  TITLK 

DC  circuit fi 


1 


COURSe  CONTENT 


OURATION 


11«    Troubleshooting  DC  Resistive  Circuits  (Module  10) 

a*    Using  a  multimeter^  fotmulasp  schematic  diagram,  and  a 
trainer  having  an  open  or  shorted  component  in  a  series-parallel 
resistive     circuity  locate  the  faulty  component*    CTS:  3c»  2b»  la 
Meas :  PC 

12*    Measurement  and  Critique  (Part  2  of  2  Parts) 

a*    Measurement  test 

b*    Test  Critique 
13«    Related  Training  (Identified  In  course  chart) 


(6/2) 
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PLAN  OP  INSTRUCTION/LESSON  PLAN  PART  t  (C«iitlfittatl«fi  SliMt) 


COURSE  COHTBHT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

KEP-GF-10»  Troublashootlng  DC  Realatlve  Clrculta 

KEP-ST-1 

KEP-107 

KEP-110 

Audio  Visual  Aids 

TVK-30*101       Series  Circuits  (T/S) 

TVK-30-101  T»  Parallel  Circuits  (T/S) 

TVK*30-101  V  (2),  Revlewt    E,  I»  R  and  Symbols 

TVK*30-101  V  (3K  Review:  Vol t*ohm  Meter 

TVK-30-101  V  (4)^  Review;  Series  and  Parallel  Circuits 

TVK-'30*101  V  (5K  Review:  Series  and  Parallel  Circuits 

Training  Equipment 
DC  Resistor  Trainer  5531  (1) 
DC  Power  Supply  4649  (1) 
Multimeter  AK/PSM-6  (1) 

Training  Methods 

Discussion  (4  hrs)  and/ or  Programmed  Self  Instruction 
Performance  (2  hrs) 
CTT  Assignment  (2  hrs) 

Multiple  Instructor  Requirements 
Equipment  (2) 

Instructional  Guidance 

Issue  KEP-GP-10.     Supervise  performance  of  laboratory  exercises. 

Administer  progress  check  and  record  results.  Inform  students  that 
Part  2  of  the  measurement  test  covers  modules  6  through  10.  Assign  objectives 
to  be  completed  outside  of  classroom  during  CTT  time. 
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DIGESTS 

The  digest  Is  designed  as  a  refresher  for  students  with  electronics  experience  and/or 
education  who  niay  not  need  to  study  any  of  the  other  resources  in  detail. 

After  reading  a  digest^  If  you  feel  that  you  can  accomplish  tha  objectives  of  the  module^ 
take  the  modxile  seU-chedc  In  the  back  of  the  Guidance  Package.  Uyw  decide  not  to  take  the 


seU-chfidCf  select  another  resource  and  begin  study. 
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MODULE  2 

SAFETY  AND  FIRST  AID 

CAUSES  OF  ACCIDENTS 

Accidents  ara  expensive.  The  rasult  of 
accidents  is  the  Icds^  damaga^  or  destruction 
of  aquipmaDt,  as  wall  as  ItvJury  and  death 
to  personnal.  Accldants  can  be  pravanted  by 
allmloatlng  thalr  causaa.Somaof  tha  comtnon 
causas  of  accidents  ara: 

1.  Caralassnass 

2.  Horseplay 

3.  Lack  of  experience 

4.  Failure  to  follow  instructlona 

5.  Failure   to  observe  proper  safety 
precauions 

6.  improper  use  of  tools  and  equipment. 
PRECAUTIONS 

The  possibility  of  electrical  shock  Is  the 
greatest  hazard  associated  with  electronic 
equipment.  Some  of  the  pre  cautions  to  always 
observe  while  working  on  electronic 
equipment  are: 

1.  Remove  Jewelry 

2.  Keep  one  band  in  your  pocket 

3.  Have  a  safety  observer 

4.  Avoid  contactwlthenergizedcomponents 

5.  Don't  experiment. 
ELECTRICAL  SHOCK  TREATMENT 

In  the  event  of  an  accident  and  the  body 
comes  in  contact  with  an  energized  component* 
the  electric  shock  may  be  severe  enough 
to  Interrupt  normal  body  functions  and  cause 
respiratory  system  or  heart  f^lure.  The 


proper  first  aid  treatment  for  severe  electric 
shock  is  the  immediate  restoration  of  the 
victim's  heartbeat  and  breathing.  The  use  of 
closed  chest  heart  massage  is  recommended 
for  the  restoration  of  the  heartbeat  and  mouth 
to  mouth  resuscitation  is  recommended  for 
the  restoration  of  breathing. 

ELECTRICAL  FIRES 

Electrical  fires  are  a  result  of  equip- 
ment failure  or  misuse.  The  use  of  a  water 
type  extinguisher  on  an  electrical  fire  is 
not  feasible  because  the  water  would  place 
the  operator  in  contact  with  the  electrical 
components.  A  dry  chemical  such  as  carbon 
dioxide  must  be  used  to  displace  the  oxygen 
near  the  fire  to  extinguish  the  blaze. 


MODULE  3 

ELECTRONIC  MATHEMATICS 

POWERS  OF  TEN 

The  technique  of  using  powers  of  10  can 
greatly  slmpufy  mathematical  calculations, 
in  the  powers  of  10  system,  a  very  large 
or  very  small  number  is  expressed  as  a 
quantity  between  one  and  10  and  the  appro- 
priate positive  or  negative  power  of  10. 
The  value  and  sign  of  the  exponent  are 
determined  by  the  number  of  places  and  the 
direction  the  decimal  point  is  moved.  .-  

Examples: 

3,000,000  *  3x  lO^ 

51,000  «  5.1x10^ 

0.005*5x10"^ 

0.00000047  «  4.7x10"'' 
Study  the  Information  in  figure  1. 
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NUMBER 

OF  TEN 

PREFIX 

SYMBOL 

1  000  000  000  000 

10^2 

t«ra 

T 

1  000  000  000 

10« 

0 

1  000  000 

10« 

megft 

M 

looo' 

lo' 

kUo 

Ic 

100 

10^ 

hecto 

h 

10 

10^ 

deka 

da 

0.1 

10-^  ■ 

decl 

d 

0.01 

10-2 

centl 

c 

0.001 

10-3 

mim 

m 

0.000  001 

io-« 

micro 

M 

0.000  000  001 

10-' 

nano 

n 

0.000  000  000  001 

10-" 

plco 

P 

Figure  1 


Prefixes  ud  aymbols  are  also  used  to 
express  very  large  or  very  small  numbers* 

Examples: 

IfOOOfOOO  units  =t  1  megaunit  

20^000  units  =  20  Idlounits 

0*004  units  ^  4  milUunlts 

0*0000056  units  =  5*6  mlcrounits 

Exponents  are  handled  according  to  the 
following  rules: 

When  multiplying  numbers «  add  the 
exponents* 

When  dlirlding  numbers «  subtract  the 
exponent  in  the  denominator  from  the  exponent 
In  the  numerator* 


When  squaring  a  number*  double  the 
expoiMit* 

When  obtaining  a  square  root*  halve  the 
exponent* 

Examples: 

1,000,000  X  1,000  »  1  X  10^  X 1  X  lo' 
.Ixio' 

47,000  X  0*056  =  (4*7  x  10*)x(5*6  x  lo'^) 
=  26*32  X  10^ 
»  2*632  X  lo' 
50,000  5x10* 

2  36 


«  2  X  10* 

0.0078     7.8  X  lO'^ 
1.8x10-1 

-2 

«  9  3c  10 


EQUATIONS 

An  aquation  Is  a  mathamattcal  statainant 
that  tm  quantities  ara  equal.  The  following 
axioms  can  be  applied  to  any  equation  with- 
out changing  the  equality: 

1.  Adding  the  SAME  number  to  BOTH 
sides. 

2.  Subtracting  the  SAME  number  from 
BOTH  sides. 

3.  Multiplying  BOTH  sides  by  the  SAME 
number. 

4.  Dividing  BOTH  sides  by  the  SAME 
number. 

5.  Terms  equal  to  a  third  term  w  aqual 
to  each  other. 

6.  Raising  BOTH  sides  to  the  SAME  poiv«r. 

7.  Taking  the  SAME  root  of  BOTH  sides. 

Frequently  fbrmulas  must  be  rearranged  to 
find  a  quantity  In  terms  ofthe  other  quantities 
involved. 


Examples; 


RxI«?xB 


RIsE 
HI  E 


R  * 


E 


Solve  for  R. 

Multiply  by  R. 
SlmpUly. 
Divide  by  I. 

Simplily. 


rc  WIS 


f  XX 


f » 


Solve  fbr  f . 
Multiply  by  f . 

Divide  by  X^. 
SlmpUly. 


MODULE  4 

DIRECT  CURRENT  AND  VOLTAGE 

CONDUCTORS  AND  INSULATORS 

The  electrical  conductivity  of  a  material 
depends  on  its  atomic  structure*  ^which  deter- 
mines if  it  is  a  conductor*  aseroi-conductor* 
or  an  insulator.  A  material  which  allows 
electrons  to  move  from  atom  to  atom  Is 
said  to  have  free  electrons  and  Is  a  good 
conductor.  A  material  which  does  not  allow 
electrons  to  move  from  atom  to  atom  Is 
said  to  have  no  free  electrons  and  Is  a  good 
insulator. 

Examples  of  good  conductors  are  silver* 
copper*  gold^  and  aluminum.  Examples  of 
good  Insulators  are  rubber*plastlc^andglas3» 
Silicon  and  germanium  are  examples  of  two 
common  semi- conductors  used  in  golid  state 
devices. 


CURRENT  AND  VOLTAGE 


I 


Negatively  (-)  charged  electrons  revolve 
around  the  positively  (^) ,  charged  protons 
of  the  atoms  within  a  material*  These 
electrons  become  an  electric  current  vdten 
brot^^bt  under  the  influence  of  an  eternal 
fbrce  or  charge.  The  movement  of  these 
electrons  con£orms  to  the  law  of  charges* 
which  states  that  LIKE  CHARGES  REPEL 
and  UNUKE  CHARGES  ATTRACT.  When  a 
material  has  a  deficiency  of  electrons  it 
has  a  positive  charge.  A  surplus  of  electrons 
produces  a  negative  charge* 
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V/ben  the  charges  are  connected  together 
through  a  conductor  they  exert  a  pressure 
on  the  free  electrons  ot  the  conductor  and 
cuaae  them  to  tnove  from  the  negative  charge 
to  the  positive  charge.  This  electron  move- 
ment Is  known  as  CUBRENT  and  Is  measured 
In  amperes  (A).  The  electrical  symbol  tor 
current  Is  the  letter  L 

in  order  to  maintain  current  tlow  in  a 
conductor^  the  positive  and  negative  charges^ 
or  difference  of  potential^  must  be  maln^ 
talned.  This  pressure  Is  known  as  electro* 
motive  fbrce  (EMF)  and  la  measured  in 
VOLTS  (V). The electrlcalsymbolfdr  electro-^ 
motive  fbrce  Is  the  letter  E. 

SOUBCES  OF  ELECTROMOTIVE  FORCE 

EMF  may  be  produced l^mechanlcal action 
(generator)f  chemical  action  (battery}fthermo-^ 
electric  effect  (thermocouple}^  photoelectric 
(television    camera}^    and  piezoelectric 
(crystal  microphone). 


■AAAr 


rr 


JWSr 

L 


FIXED 


TAPPED 


VARIABLE 
OR 

ADJUSTABLE 


Figure  1 


LEADS 


Sr  ^^^^ 


CARBON  RESISTORS 


MODULE  5 

RESISTANCE,  RESISTOHS,  AND  SCHEMATIC 
SYMBOLS 

RESISTANCE  AND  RESISTORS 

Resistance  (R)  Is  the  opposition  to  cur* 
rent  Qow^  and  the  unit  of  measure  Is  the 
ohm  (^).  When  1  volt  causes  1  ampere 
of  current  to  flow,  the  opposition  Is  1  ohm 
(IQ). 

Resistors  may  be  classiited  into  three 
general  types;  fixed,  tapped,  and  variable. 
Figure  1  shows  the  symbol  for  each. 

Carbon  resistors  are  constructed  from 
graphite  and  a  binder.  Wires  are  attached  to 
the  graphite  and  insulating materlalis molded 
around  the  graphite.  See  figure  2A.  Tixed 
wire  resistors  are  merdy  resistance  wire 
wound  on  an  insulating  material.  See  figure  2B. 


REP4-485 


Figure  2A 


RESISTOR 
TERMINAL 


MOUNTING  BRACKET 
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Figure  2B 
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RHEOSTAT 
Figure  3 


A  tapped  resistor  is  avire-woundreslstor 
^th  a  tap  or  taps.  See  figure  3A*  A  slide 
tap  is  sbomi  in  figure  SB.Avariable resistor 
c(Hild  tiave  carbon  or  resistance  wire  for 
the  resistive  element.  See  figure  3C  and 
figure  3D.  Kotlce  tliat  the  potenttometer  has 
three  tennloals  ivhlle  the  rheostat  has  only 
twc  A  rheostat  is  used  to  get  a  change 


In  current.  A  poteattometer  is  used  to  get 
a  change  In  voltage. 


SCHEBiATIC  SYMBOLS 

Figure  4  shows  many  schematic  symbols 
you  should  become  familiar  with. 
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— 

FIXEO'  RHEOSTAT 


TAPPED  POTENTIOMETER 
RESISTORS 


)^  -d't-  i 


SINGLE  CELL  MULTICELL 


I   I  1  BATTERIES  GROUNO 


FEMALE 


t 


MALE 


NOT  CONNECTED  CONNECTED 
CROSSEO  WIRES 


GROUND  TERMINAL 


POLARIZED  CONNECTOR 


Figure  4 
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COLOR  CODE  CENTER  iMUid  iyatem.  Ttirae  bandj  of  color 

are  used  to  Indicate  the  value  of  the  toler- 
ance. When  not  usedt  the/tolerance  1b  20%. 
Moet  reelstore  urtll  be  color  coded*  The       The    fifth    bmif    when  used*  Indicates 

code  type  covered  here  la  the  EN]>TO-       the  failure  rate,  see  figure  0. 


'i^  1 


 FAJtURERATE 

'TOtERANCE 
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COLOR  CODES  FOR  PART 
IDENTIFICATION  MASKING 


CUUJR 

FART 

SIGNIFICANT  FIGURES  OF 
ELECTRICAL  VALUE 

TOLERANCE 

FAILUke  RATE 
PER  1000  HRS 

2nd  Number 

BUck 

Capacitor 

0 

0 

1 

L  5% 

Brown 

B  B  «■ 

1 

1 

10 

±  1% 

M  1% 

Red 

2 

2 

100 

±  n 

P  0.1% 

Orange 

3 

3 

1000 

R  0.01% 

YeUow 

4 

4 

10000 

S  0.001% 

Green 

Diode 

5 

5 

100000 

T  0.0001% 

Blue 

«■  B  «■ 

6 

6 

lOOOOOO 

VlcOet 

7 

7 

10000000 

Gray 

B 

B 

WUte 

9 

9 

Gold 

0.1 

±  5% 

Sliver 

CoU 

0.01 

±10% 

FIRST  NUMBER  

SECOND  NUMBER- 


1 ! 

1 1 

L  8 

t  ■  1 

MUtTIPtlEB- 


Flgure  5 
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REP4-499 


Figure  6 


position.  Touch  the  loads  together  and  adjust 
the  OHMS  ZERO  control  &>r  a  reading  ot  0 
on  the  ohms  ecaie. 

There  are  Uve  ranges  tor  resistance 
measurements,  eachdeslgnatedt^y  the  symbol 
fl  (omega)* 

The  test  leads  are  comiected  across  the 
component  to  be  checked  and  the  range  Is 
selected  to  cause  the  pointer  to  indicate 
as  near  as  poestble  to  the  center  or  right 
side  ot  the  scale*  The  reading  from  the 
OHMS  scale  is  then  multiplied  by  the  num- 
■  ber  found  at  the  particular  RANGE  switch 
setting* 

THE  OHMMETER  SHOUUD  NEVER  BE 
CONNECTED  TO  AN  OPERATING  CfflCUlT* 


BATTERY  CELL3INSERIESAND  PARALUEL       DC  VOLTAGE  BfiBAStlREMENT 


\irhen  a  battery  ot  cells  is  used  as  a 
source  -  of-EMF«.the,^de8lred^output  jnoltage  ^ 
and  current  carrying  ability  is  determined 
by  how  the  cells  are  connected  together* 
Voltages  ot  all  cells  in  series  will  add 
together*  when  connected  In  parallel^  the 
output  is  the  same^  but  the  current  arallable 
will  be  doubled  when  two  cells  are  In  parallel* 
Figure  6  shows  a  series  parallel  hookup  ot 
eight  l*5-volt  cells  to  get  6  volts  out* 

NOnCE;  For  the  series  conaection^  the 
negative  terminal  otonecellla connected 
to  the  positive  terminal  on  the  next  cell* 
The  voltage  will  add  up  to  6  volts*  The 
parallel  connection  Is  made  by 
Connecting  the  two  positive  terminals 
together  and  the  two  negative  terminals 
together  tor  the  two  series  sets*  The 
parallel  connection  will  double  the 
available  current  value* 


MODULE  6 
MULTIMETER  USES 

RESISTANCE  MEASUREMENT 

To  use  the  PSM-6  as  an  OHMMETER^ 
place  the  FUNCTION  switch  to  the  OHMS 


To  use  the  BSM-^6  to  measure  DC  voltage^ 
place  the  FOTtCTION  switch  to  DC  V  20 

KQ/Vr  ^  " 

There  are  seven  positions  ot  the  RANGE 
switch*  They  are  ttom  *5  volts  to  1000  volts 
and  Indicate  ftill  scale  readings  on  the  black 
DC  volts  scale* 

The  RED  test  lead  must  be  connected  to 
the  positive  {^)  side  ot  the  component  to  be 
measured*  and  the  BLACK  lead  must  be 
connected  to  the  negative  (-)  side  ot  the 
Component*  A  reading  off  scale  to  the  left 
Indicates  that  you  have  Incorrectly  con* 
nected  the  leads* 

TO  MEASURE  AN  UNKNOWN  VOLTAGE* 
ALWAYS  START  ON  THE  HIGHEST  RANGE* 
DAMAGE  TO  THE  METER  MAY  RESULT  IF 
EXCESSIVE  VOLTAGE  IS  AFPUED* 

DIRECT  CURRENT  MEASUREMENT 

To  use  the  PSM-6  to  measure  current^ 
place  the  FUNCTION  switch  to  the  DC  MA 
position* 

Direct  current  up  to  1000  milU* 
amps  (one  amp)  may  be  read  on  the  black 
scale* 
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Current  U  menBured  by  placing  thft  meter 
In  serlca  with  the  circuit  under  test.  The 
current  muBt  pufl  through  the  meter  In  the 
proper  direction,  therefore,  polarities  muBt 
be  observed.  Tbd  BLACK  load  must  be 
connected  to  the  more  negative  point  and  the 
RED  lead  must  be  connected  to  the  more 
positive  point  to  be  measured. 

TO  MEASURE  AN  UNKNOWN  CURRENT, 
ALWAYS  START  ON  THE  HIOHEST  RANGE. 
DAMAGE  TO  THE  METER  MAY  RESULT  IF 
EXCESSIVE  CURRENT  IS  APPLIED. 


ohm's  LAW 

In  any  circuity  current     voltage(E},  and 
resistance  (R)  conforms  to  OHM'S  LAW  which 
states  thatf  current  In  a  circuit  Is  directly 
proportional  to  the  appUed  voltage  and  In- 
versely proportional  to  the  resistance. 


Or; 


Therefore:  R 


AC  VOLTAGE  MEASUREMENT 

To  use  the  PSM^6  to  measure  AC  voltage^ 
place  the  FUNCTION  switch  to  the  AC  V 
position « 

There  are  seven  positions  on  the  RANGE 
switch.  They  are  from  *5  volts  to  1000  volts 
and  Indicate  full  scale  readings  on  the  blue 
scale  for  AC  voltage. 

To  measure  AC  voltage  connect  the  test 
leads  directly  across  the  component  to  be 
checked.  Polarity  of  the  leads  Is  unimportant. 


TO  MEASURE  AN  UNKNOWN  VOLTAGE, 
ALWAYS  START  ON  THE  HIGHEST  RANGE. 
DAMAGE  TO  THE  METER  MAY  RESULT  IF 
EXCESSIVE  VOLTAGE  IS  APPLIED. 


MODULE  7 

SERIES  RESISTIVE  CIRCUrrS 

CIRCUIT  REQUIREMENTS 

In  order  to  have  a  practical  DC  circuit, 
certain  conditions  must  exist.  There  mustbe 
a  power  source^  a  load  device^  and  a  con** 
ductor.  All  of  these  components  must  be 
connected  In  a  manner  to  provide  a  com* 
plete  path  for  current  flow  from  the  nega- 
tive terminal  of  the  source  to  the  positive 
terminal  of  the  source. 


And: 


E  ^  IR 


SERIES  CIRCUIT  ANALYSIS 

In  a  series  circuit,  all  components  are 
connected  end*to*end  and  there  is  only  one 
path  fbr  current  flow.  Study  the  circuit 
shown. 


-AAA/  I 


■40  V 


,R2 

.5  Jc^ 


 VV\  

R3  10 

In  a  series  circuit,  total  resistance  is 
found  by  adding  the  individual  resistances. 


Or; 


R^  =  Rl  +  R2  +  R3  + 


Then;     R^  =  25  kO  +  5  kQ    f  10  k^ 
R^  =  40  ki3 


To  find  current,  use  Ohm's  Law. 
E 


Or; 


Then: 


I 


40  V 
40  kQ 


I 

I  =  1  X  10  "  A  or  1  mA 
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When  currant  flows  through  a  load  dttvLce* 
heat  Ifl  produced  and  electrical,  power  Is 
coQSuroed  or  dissipated*  The  power  dissi- 
pated (P)  Is  measured  In  wattstW)  and  I0 
calculated  from  the  following  formulas: 

P  «  I^R 


P  »  IE 

Find  the  power  dissipated  In  flgure  1  on 
page  9. 

P  =  I^R 

P«(lxtO*V  X  (40x10^) 
P  5  (1x10**)  X  40x10^ 
P«  40x10*^  Wor.04W 


MODULE  8 
PARALLEL  RESISTIVE  CIRCUITS 


Ort        It '^t  ^^2*^3^-** 

The  resistance  of  each  branch  Is  dtf- 
ferentf  therefore*  each  branch  current  will 
be  different. 

The  two  formulas  are  conflrmed  by 
Klrchboff^s  Laws  for  current  and  voltage* 
which  state: 

1 .  The  algebraic  sum  of  the  Instantaneous 
currents  at  any  Junction  Is  2ero.  The  current 
leaving  any  Junction  of  conductors  must  equal 
the  current  that  entered  that  Junction. 

2.  The  algebraic  sum  of  the  Instantaneous 
voltages  around  any  closed  loop  Is  zero. 
The  sum  of  the  voltage  drops  around  any 
one  loop  (current  path)  must  equal  the 
applied  voltage,  fiithe  figure*  there arethree 
current  paths* 

These  two  laws  In  conjunction  with  Ohm^s 
law  are  used  to  solve  all  resistive  networks. 


Total  resistance  of  a  parallel  circuit  Is 
found  by  using  one  of  the  following  methods: 

1-  Tor  three  or  more  resistors  of  dif- 
ferent vahie* 


CIRCUIT  ANALYSIS 

A  parallel  circuit  Is  a  circuit  In  which 
two  or  more  load  devices  are  connected  across 
one  power  source.  A  parallel  circuit  always 
has  more  than  one  path  for  current  flow. 
Study  the  circuit  shown. 


100  ko 


ASP  4^$6$ 

Figure  1 

The  voltage  applied  to  each  resistor  or 
circuit  branch  Is  the  same. 


Or: 


E_  a  E 


Total  current  Is  the  stun  of  all  of  the 
branch  currents.  ^ 


R. 


Rl    *  R2    *  R2    * "  • 


2.   For  two  resistors  of  different  value. 
Rl    X  R2 


Rj  = 


Rl    ^  R2 


3.  For  two  or  more  resistors  of  equal 
value. 

R 


R. 


N 


Where  N  equals  the  number  of  resistors. 

4.   For  two  or  more  resistors^  using  the 
assumed  voltage  method; 

a.  Assign  a  convenient  value  for  the 
applied  voltage. 
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Cftlculflta  th«  current  in  aach 
brancht  Uilng  the  aBSuned  voltage. 

c.  Add  the  branch  current!  to  obtain 
total  current. 

d,  calculate  total  reslaiancet  u^lns 
the  asflumed  voltage  and  total  current. 

For  the  circuit  to  figure  I,  flndi  B^, 
It*  aw*  ^t- 

E  \ 


m  13  mA 
-  3*9  W 


RESISTIVE  BRIDGE  CIRCUITS 

A  resistive  bridge  circuit  is  a  type  of 
circuit  commonly  fdund  In  electronic  testing 
and  measuri**  equipment*  See  figure  2* 


Figure  2 


The  circuit  has  two  branches  tor  current 
flow  and  a  mlcroammeter  tibich  indicates  the 
magnitude  and  direction  of  current,  When 
the  fdUowing  relationships  are  satisfiedf  the 
circuit  Is  BALANCED* 


When  balanced,  the  potential  difference 
between  points  A  and  ^  IB  wro  and  no 
current  flows  through  the  meter. 

To  use  this  circuit  to  measure  resistance, 
r4  is  replaced  by  the  unknown  value  (Rv)- 
The  bridge  is  then  brought  to  balance  by 
substituting  known  values  fbr  R2. 


MODULE  0 

SERIES- PAHALLPL  BF3ISTIVE  CIRCUITS 

A  serles'-parallel  resistive  circuit  has 
both  series  and  parallel  components*  See 
the  figure  below  i 


Dl  2  kQ 


I!: 


R2 


R3 

12  kfl 


Bealstors.B2_and.R3_are_lii  paraUelwlth 
each  other  and  In  series  with  Rl.  to  thia 
circuit  shown,  find  B^,  i^,  and  P^* 

The  eijuivalcnt  resistance  of  B2  and  R3 
in  parallel  must  be  found  tirst.  Use  a  for- 
mula tor  resistors  In  parallel. 

„  RZxRZ 

Find  total  resistance  ualng  the  tonnuUtor 
resistors  In  series. 

»      +  Rl 
R^  =  5kQ 
Use  Clbm*s  Uw  to  And  total  current. 


I  "s 
t  R 


t 


Rl 

r5 


R3 
R4 


=  10  mA 
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To  find  total  power  use  any  of  the  power 
formulas* 

p  -     X  1 

tat 


MODULE  to 

TROUBLESHOOTING  DC  RESISTANCE 
CmCUITS 

Troubleshooting  is  a  process  of  locating 
causes  tor  circuit  fallurjas.  You  should  be 
able  to  locate  open  or  shorted  resistors. 
An  open  resistor  will  have  extremely  high 
resistance.  For  our  purposes*  an  open 
resistor  will  be  considered  to  have  infinite 
resistance.  A  shorted  resistor  willhavezero 
resistance.  An  ohmmeter  then  can  be  used 
to_check  &r  op^  shorted  resistors.  Before 
applying  the  ohmmeter  BE  SURE  THE  POWER" 
IS  OFF  and  the  resistor  Is  isolated  from  the 
circuit  to  prevent  parallel  paths. 

A  voltmeter  can  be  used  for  locating 
open  or  shorted  resistors.  The  voltage  across 
an  open  resistor  will  be  excessive  (often 
the  applied  voltage)  and  the  voltage  across 
a  shorted  resistor  will  be  sero  volts.  Con- 
sider the  series- parallel  circuit  shown  in 
figure  1.  If  Rl  would  open*  the  applied  voltage 
would  appear  across  Rl.  The  voltage  across 
r2  and  R3  would  be  aero  volts.  If  R2  were 
to  open»  then  Rl  and  R3  woxild  form  a  simple 
series  voltage  divider.  Rl  and  R3  would 


each  drop  one  half  of  the  applied  voltage. 
If  Rt  became  shorted^  the  voltage  across 
Rt  would  be  zero  volts*  The  applied  voltage 
would  now  appear  across  the  parallel  com- 
bination of  R2  and  R3*  If  R2  became  shorted, 
the  voltage  drop  across  R2  and  R3  would  be 
2ero  volts.  All  of  the  applied  voltage  would 
appear  across  Rl. 

An  ammeter  can  be  used  to  locate  open 
or  shorted  resistors*  An  open  resistor 
normally  decreases  total  current  and 
a  shorted  resistor  normally  increases  total 
current.  Refer  to  the  figure  and  calculate 
total  resistance  and  total  current.  Total 
resistance  is  22.5  kQ  and  total  current  is 
6.67  mA.  If  Rt  should  open*  total  current 
would  decrease  to  Zero  mA.  If  R2  should 
open*  total  current  woxild  decrease  to  S  mA. 
U  Rt  Should  short,  total  current  will  in- 
crease to  20  mA.  If  R2  should  short,  total 
current  will  increase  to  tO  mA. 


,  In  actual  practice  a  combination  of  the 
above  methods  ls^often  Used.""ln^any  case  a- 
complete  understanding  of  the  application  of 
Ohm's  Law  along  with  the  readings  obtained 
with  the  test  equipment  ^tl  help  you  locate 
circuit  failure. 


Figure  1 


MODULE  It 

COMPUTATION    AND  FREQUEl 
SJSCTRUM 

In  ^^tevious  lessons*  you  studie^current 
which  n^ws  in  one  direction ycmly.  Now, 
you  are  >eady  to  take  up  o^frrent  which 
alternately  fl^s  in  two  dire^ns. 


ALTERNATING  CU^^NT  (AC). 

Alternating  cdrrent  H^the  term  applied 
to  current  ^ch  pertodl^lly  reverses  its 
direction. 

The  /Sine  wave  Is  the  most  ^btmmon  AC 
wave^m.  In  fact,  the  sine  wave  Is  so  widely 
usmT  that  when  we  think  of  AC,  weVauto- 
ttically  think  of  the  sine  wave.  Household 
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PURPOSE  OF  TAAININQ  PUBUCATI0N3 

Training  pubUcatlons  are  designed  tor  ATC  use  only*  They  are  updated  aa  necessary  for 
training  purposes,  but  are  NOT  to  be  used  on  the  Job  as  authoritative  references  In  preference 
to  Technical  Orders  or  other  ofttdal  pubUcatlons. 

This  particular  HANDOUT  (HO)  is  designed  to  provide  guidance  to  aid  you  In  gaining  the 
knoiMrledges  required  by  the  objectives  listed  in  your  Guidance  Packages  for  Blocks  1, 11^  and 
IIL  This  book  contains  formulas,  diagrams,  and  Information  on  the  use  of  meters.  Bring  It 
to  dass  as  a  reference  while  you  are  in  Blocks    11^  and  III  ot  this  course. 
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— fOOO 


FUNCTION 


RANGE 


Ohm's  Scale 
Volts  DC  Scaltt 
Volts  AC  Scale 
Current  Scale  — 

1,  Difference  in  voltage  between  two  consecutive  numbers* 
2*  Number  of  divisions  between  two  consecutive  numbers* 
3.  Divide  step  1  by  step  2  -  gives  the  volts  per  unit* 

Volts  Nr*  Volts 

Division  Nr*  Divisions 


Green 
Black 

Blue 
-™Blaclc 


METER  READINGS 
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USE  OF  QHWCIER 

1.  Tun  power  supply  off. 

2.  Isolata  Individual  reelfftor. 

3.  Set  PSM-6  on  proper  Ainotion  and  range. 

A.    Short  leads  together  and  JU)JUSr  FOR  ^RO  OHMS. 

5.  Conneet  PSH-6  in  parallel  with  resistor. 

6.  Read  green  scale  and  oultiply  17  range  for  answer. 

7.  Tuin  all  switches  olockulae  When  finished. 

-  8.  ZEa)0„Ca»eiSR.E;VER;.IIl£.RUKS.SHITGH.IS.^CH&NGED   


ERIC 


USB  OF  TOLTtGlER 

1*    Set  fkmction  to  DC  volts  20  k  obms/volt. 
2*    Set  rasgQ  to  highest  pooltioix* 

3*  GoBnect  the  PS^I-6  red  lead  to  moat  poaltive  point  and  black  lead 
to  mofft  negative  point  of  the  component  to  measure  its  voltage  drop. 
U*   Take  reading  on  black  scale^  obseirlng  proper  range  and  scale* 
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^2. 


RED  i^TVbUCK 


READS  TOTAL  CURRENT 


REMDVE  WIRE 
TO  IMSBRT 

AHtgnsR 


READS  CURRENT 
THROUGH  R3 
ONLY 


BUCK 


USE  OF  AHHEIER 
1«   Set  the  FUNCTODN  ewltch  on  DC  Mfc. 

2.  Set  RANOB  switch  to  highest  range. 

3.  Determine  where  in  the  circuit  the  ammeter  ia  to  be  inserted. 
Remember:    The.  circuit  must  be  broken  (opened)  and  the  ammeter 
placed  in  setles  with  the  circuit. 

li.    RemcjTe  the  wire  that  is  at  the  point  where  the  amneter  is  to  be 
inserted. 

5.   Replace  the  wire  with  the  ammeter*    The  RED  lead  to  the 

positive  and  the  BLACK  lead  to  the  negative  point*   The  ammeter  is 
now  connected  in  series  with  the  circuit  where  cuirent  is  to  be 
measured* 

6*   Read  the  black  scale  and  multiply  by  the  RANGE  switch  setting  to 
obtain  the  current  value. 
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SINE-SQUUQS  Wm  OBNER/ITOR 


1.    IHEQtMCI  (cps)i    The  ft^enqy  of  the  signal  frm  this 
generator  is  equal  to  the  setting  of  this  oonteol  mltiplled 
by  the  setting  of  the  FBEQ  MDUIPL3ER  swltoh.  


2.    niEQ  MDLTlFLIERi  Maltiply  the 
number  this  switch  is  set  to  by  the 
number  to  which  the  FRE!QUMC7 
point  is  set»  to  determine  the 
output  frequency> 


3>   BANOBi   This  switch  is  the 
coarse  adjustment  for  the  sine 
wave  anqpUtude,  and  has  four 
rangesi  .01  V»  .1  V»  1  V»  and 
10  V. 


^.    STSB  VAVE 
output  temlnals. 


7.    RANGBi   This  switch  is  the 
coarse  adjus'^nt  for  the  square 
wave  amplitude  and  has  three 
ranges:  .1  V,  1  V,  and  10  V. 


5>  AMELiniDEi  This  contool  is  a  fine 
adjustment  of  the  sine  vave  amplitude 

frCM  0  Tolts  to  the  nwrtimtm  ToltagB 

of  the  RANGE  setting. 


6.   AMFLmiBEt  This  control  is  a  fine 
adjustment  of  the  square  vave  signal 
from  0  Tolts  to  the  Twt»lmnm  voltage  of 
the  RANGE  setting.    This  switch  is  also 
used  to  turn  the  generator  ON  and  OFF. 
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simc-equABi  uave  omium 

Opiratlag  Ptoctdurti 


SIME  UAVE  OVtWC 

1,    Stt  All  fioatrolt  fully  CCH 

2«    Plug  pwtr  cord  into  HO  volt 
«ourct  and  rot«tt  tht  iquart 
wavt  AMPLIIUDB  control  CH  to 
turn  the  gMarator  OH, 

3,    Set  thfl  FSEQ  HUITIPLIER  twitch 
to  tha  range  required  by  the 
laboratory  exercise. 

4«    Set  the  FUSQUENCY  (CPS)  control 
to  a  setting  Which  vhen  multiplied 
by  the  mq  MUtTIPLIER  setting 
win  equal  the  desired  output 
frequency. 

5,  Connect  the  SINE  VkWZ  output  to 
the  circuit  under  test* 

6,  Set  the  sine  wave  amplitude  RA1)6E 
switch  to  the  value  required  by 
the  laboratory  exercise* 

7«    Adjust  the  sine  wave  AMPLITUDE 
control  to  obtain  the  exact 
amplitude  required* 


SqiUSE  NAVE  OUTPUT 


It    Set  all  controls  fully  CCH. 

2«    Plug  power  cord  Into  110  volt 
source  and  rotate  the  squars 
wavs  AMPtlTUBE  control  CH  to 
turn  ths  generator  OH. 

3,  Set  the  FSEQ  HUITIPLIER  switch 
to  the  range  required  by  the 
laboratory  exerdss. 

4.  Sst  the  FItEQUENCY  (CPS)  control 

to  a  setting  which  When  multiplied 
by  the  FItEQ  HULTIPLXER  setting 
will  equal  the  desired  output 
frequency* 

5«    Connect  the  SQUUE  UAVE  output  to 
the  circuit  under  test* 

6«    Set  the  square  wave  an^lltude 
BINGE  switch  to  the  value 
required  by  the  laboratory  exercise* 

7,    Adjust  tha  square  wave  AMPUTUDE 
control  to  obtain  the  exact 
amplitude  required. 
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RAno  Tmsam  sionu.  oihbiuiior 

Ihii  rtdlo  fr«qu«ioy  Blcntl  geiurttor  li  t  liiboritar  typ#  initnmnt 
lAtand«d  to  provide  RP  ilgntli  for  Itboritory  oxarclBM* 

memm  scuxt  t^od  to  atiMt  the 

exaot  itrtq^tncgr  dtilxtd*  RP  otrrlflr 
fi^qiUAnojr  i«  rtad  directly  Arom  tha 
■otla  Mltotad  by  tbo  RUISB  ndtoh* 


HOOOLAflONi  Tliod  to  a«t  thi  dogratt 
or  paroant  of  nodulailoii  Irm  uro 
to  SOjtt   Tha  poreant  of  modulation 
JULTo^d  on  tM  piRal  sattr*   


FUNCnONt  Uaad  to  a^ct  ooittlJttioua 
Vim  or  fflodulttad  output*  Hodulttion 
*  mix  ba  Aroo  an  IntarDil  ADO  ejela 
^audio  gatwrcbor  or  trcm  an  axtamal 
aourea*   TUma  ganarator  ON. 


PAWL  MRERi  Otaplaya  par«aot  of 
Mdulatlon  or  tha  aii^lltiida  of  tha 
BP  carrlw  $n  miciranndLti* 


SOP  ATTBHUILTORt  ttoad  to  aalaot 
tha  aqiUtuda  of  tha  fip  ootpat  apidv 
Indioatas  tba  QOExaot  oatar 
matiiOiar*  PLva  s^lactlona  cowar 
tvm  5  to  200  k  nlororolta* 


'  AUDIO  OUTt  Extanua  HodulaUoA 
algnal  maj  ba  appUad  hara  to 
.modulaU  tha  BP  outint*   A  ifiO 
^  audio  al^tal  output  may  ba  . 
takan  trcm  bara  vhan  tha  PUNCIXOH 
switeh  la  In  Atn)  poeitioo* 


MSlSRi  U^ad  to  s^act  tba  algnal 
to  ba  dlaplayad  on  tha  oiatar*  Tha 
parcaot  of  modulation  or  tba 

^  amplltuda  of  tha  RP  carrlar  may  ba 

^  mofiltcared* 


V  OUTPUTS  Output  tamtnil  for  tba 
modulotad  or  unmodulatad  RP  ai^ial* 
Output  In^adanca  la  50  otna*  P^raqyaiiey 
ia  viriatila  trco  200  kHs  to  30  HHs  and 
amfkUtuda  ia  wiabla'  trm  5  nicroviAta 
to  200  k  nicrovblta* 


PUB  ATTBinUTdRt  ttaad  to  vazy  tha 
ampHtuda  of  tha  RP  output  betnaan 
tha  atapa  prcvidad  by  tha  3IEP 
AnSNOUOR* 


RAHZi  Uaad  to  fltiLact  tha  daairad  * 
SP  ftraquancy  range*  PLva  aalectiona 
cofSF  trm  100  kHs  to  30  KHz* 
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RADIO  IBEQtlQIOY  SIOHAL  GStimTOa  > 
Oporatliog  Fxvoeduros 

1. 

Set  all   oontrols  fully  GCU. 

2. 

Plug  potmr  oord  Into  110  volt  power  souroe. 

3. 

Rotate  the  PUHCIIOH  svitoh  to  MCW. 

4. 

Rotate  the  RAMOS  svitoh  to  the  desired  Umd  of  ftequenoies. 

5. 

Set  the  ntEQtlSHCT  SGALB  Indicator  to  the  enot  frequenoy  desired. 

6. 

Set  the  METER  switch  to  MOD  and  adjust  the  MODULATIQfr  control  for 
the  desired  percent  of  modulation  as  Indicated  on  the  FAHEL  MEIER. 

7. 

Set  the  MdER  switch  to  R7  CARRIER. 

8. 

Gosmeot  the  RF  OUTFOT  to  the  circuit  tmder  test. 

9. 

Set  the  STEP  ATTEtmATOR  to  the  desired  amplitude  range. 

10. 

Rotate  the  FINE  ATTENUATOR  to  the  desired  exact  amplitude  as  Indicated 
on  the   FAHEL  MEIER. 

U. 

To  otrtaln  an  unmodulated  RF  signal,  place  the  FONCTBIN  svitoh  to  GW 
and  perform  steps  7  through  10  above. 

12. 

To  axteniaUy  modulate  the  RF  signalf  place  the  FUNCTION  switch  to 
EXT  and  conneet  an  external  signal  source  to  the  EZC  MOD  teiminals. 
Ferfoim  steps  6  through  10  above. 

ERIC 
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TKAKSISTORIZED  POWER  SUPPLY 

This  power  supply  Is  designed  to  power  the  iu     trainers  used  In 
Electronic  Principles.    It  ydXl  pravlda  0-^  voXts  BC  and  up  to  XSOmA. 


1*    Turn  the  VOLTS  AOJ  control  fully  COt 

2*  .  Connect  the. .power^.supply^to^the.^tralner,  aa..dlrected^by^the.laboratory.^ 
excerdse*    Observe  polarity* 

NOTE;    The  power  supply  may  be  connected  to  the  trainer  using  the 
terminals  on  the  front  or  the  cable  on  the  rear  of  the 
power  supply* 

3*    Plug  the  power  cord  of  the  power  supply  into  a  110  volt  power  source* 

4*    Turn  the  power  supply  CfS  and  adjust  the  VOLTS  ABJ  until  the  panel 
meter  Indicates  the  voltage  called  for  In  the  laboratory  exercise* 
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METER  PANEL 


This  METER  PANEL  consists  o£  thvM  s«lsct«d  matsr  movements*    Ths  VArlous* 
m«t«rs  will  ma^sure  DC  currsnt  from  10mA  to  SOOmA  Cull  scale  or  AC  current  from 
1  tnA  to  50  mA  full  seals*    This  METER  PANEL  Is  used  to  support  the  laboratory 


1*    Select  the  METER  PANEL  that  has  the  meter  ranges  required  for  the 
laboratory  exercise* 


2;    Make  a  visual  Inspectlonof  the  fuses  located  Inside  the  case  and 
directly  behind  each  meter  movement* 

3*    Plug  the  test  leads  Into  the  Jack  located  directly  above  the  selected 
 meter  movement* ^   ■ 

4*    Connect  the  test  leads  In  series  with  the  circuit  under  test*  Observe 
proper  polarity  for  the  DC  meters* 


ELBCTROSUtlCS 

DIRECt  CUmMT 
E  -  IR 

SERIES  CIRCUITS 
I. 


I  - 


■  I2  ■  ■ 


■  ErI  +  +  Er3  +... 
Rt  -  Rl  +  R2  +  R3  +,,,, 


-  P 


Rl      ^R2      ^R3  +•  •  •  • 


PARALLEL  CIRCUITS 


I..  - 


El  -  E2  -  E3 

Il  +  I2  +  I3  +... 


F  -  Fore«  In  dynti  -  Cbarg*  1  Id  atu 

d  ■  Dlicsne*  Id  cm    Q2  "  Charg*  2  la  atu 


R  ■  E 

I 


It 

Rt 


P^  - 


Ea  -  ItRt 
E 

It  ■  ^ 


P  -  IE  -  I^  R  -  E^ 

R 
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R'  - 


R  - 


Rl 


R2 


P.  - 


P«,  +  P„,  +  Pjj3  +.,,  P^  -  I.  E 


t  'Rl  "  'R2 
BALANCED  BRIDGE 

Rl    -  R3 

R2  R4 


t  a 


-  Rl  X  R2     -  _R_ 

,  ,R1,  ,+  .  .R2_,   N 

(two  resistors) 


t^SiUors) 


II 


5s 
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SIDE  UAV£  COHVBtSION  FACTOKS 
=,H  V.k    ■  =av. 

=p.ak    -  =  .££-  =av. 

peak  to  peak         «ff  eff 

METER  MOVEMENTS 

Ansnetars 

I  R 
R     -     m  m 


R^  -  Shunt  Resistor 

1^  ^  Desired  full  scale  current 
reading 

T    ^  Full  scale  current  o£ 
meter  ntovemant 


R  ^ 

X 


Voltmeters 


J2_  -Rm 


^  Resistance  of  meter  movement 


«  Multiplier  Resistor 

«<  Full  scale  current  o£  mater 
movement 

*  Desired  full  scale  voltage  reading 

f  s 

Q    ■  Resistance  of  meter  movement 


WAVELENGTH  AND  FREQUENCY 


Pi  - 


V     *  Vt 

f 


f  - 


t 


y\    -  Wavelength  In  meters 
t  ■  Time  In  seconds 


V  -  velocity  of  300  x  10  meters/sec 
f  «  Frequency  In  hertz 
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INDUCTANCS  AND  INDUCTIVE  REACIAKCB 
L-  .-j^ 
Series  % 
Eg  "  Ejj^  +El2  ♦Ex,3  +... 

It  "  lu  "  ^L2  "  Il3  "  •' 

*•  LI  +L2  +l3  +>>> 

^Lt  "  ^Ll         +Xj3  +  ... 

Parallel t 
Eft  -  EU  ■  Ei,2  -  - 

It  -  n  +  12  +  13  +... 

"  _i  +        +  i    +  ... 

XT    E?  D 


1 

■r 


Xl  "  ZTffL  "    6.28  fL 


^     J^2  ^3 


tL2 


U  X  L2 
^  "     Ll  +  l5 
(two  Inductors) 

It.  - 


(equal  Inductors) 


(two  reactances)        (equal  reactances) 


TRANSFORMERS 


!e  -  &    !e  .  Is    !e-  ^ 


Is 


z 

-E  - 


Ep  "  Primary  voltage     Eg  -  Secondaiy  voltage 

N^  -  Primary  turns  -  Secondary  turns 

Ip  -  Primary  current     Ig  »  Secondary  current 

Zp  -  Primary  impedance  Zg  -  Secondary  impedance 
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CAPACITANCE  AND  CAXACITIVE  mCUOlCE 


C    -  kA 

d 


Q  -  CE 


^c- 


2fl-fC 


{C 


Series t 
■  ^Cl  *   hi  *   ^C3  *  ••• 


t         CI         C2  C3 


I  - 

t 


^a 
C, 


CI 


C2 


+     I       +  ... 

C2 


^C^    ■    ^CI     ^C2     ^C3  ••• 


C^  -     CI  X  C2 
CI  +  C2 

(two  capacitor*) 
B 

Xc  -   £- 

t 


Ct  ■ 


c 


(equal  capacitors) 


Parallel! 


^a  "^Cl  ■^C2  "^Ca 


t       CI       C2  C3 


I  - 

t 


C^  -  CI  +  C2  +  C3  +  ... 


-   I  

t      I  +    I      +  L,  +  ••• 

^CI  „  ^C2  1^.C3 


X     -     ^CI  X  ^C2 

'         hi     ^  C2 


^c  ■  — £ 

t  K 


(two  reactances) 


(equal  reactances) 
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FORMCJUS   BLOCK  III 


SERIES  REACTIVE  CIRCUITS 
I  Er   -    l2  R 


^rue 


P  »  TP! 

apparent 


^R 

r 


a 


l2  Z4 


X  PP 


Power  factor  (PP) 


Ptrue 


-  Pt 

apparent  ^ 


%  -   R  -  COS  0 


opposite   .  J   „    .     -     adjacent      R  „     ^      opposite  _  X 
Sine  0  -   hypotenuse  7   Cosine  0  -  hypotenuse"  I  T^i  0  -   aSKcent  R 


SERIES  RC  CIRCUITS 


Eft  ■  >/Ep2  + 


SERIES  RL  CIRCUITS 


2- 


SERIES  RCL  CIRCUITS 
Ea  ->/Eft2  +  (El  -Ec)2 

SERIES  HESOtUl^}CE 
1 


.159 


Z  "  /r2  +  Ic^ 


2  -  V  r2  +  X  j^2 


2  -  /rZ  +  (Xi,  -Xc)2 


"    g  "  Current  Half  Power  Point  -    .707  I^^ 


Upper  half  power  point 
Lower  half  power  point 


-  f  r 


Q  w  ^r 


.  Ic 

r  r 


Ban<iwidth  (BW)  -  f 2  ~  ^1 
Bandpass  -  f^  to  f 2 

Ij^  or      (at  resonance)  - 


BW 

('r  -  r)  to 
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PARALLEL  REACTIVE  CIRCUITS 


Power  factor  (PF)  -  -Jl  - 


Zt 

R  ■ 

la  - 

R 

Pa  X  PF 

Z 

...  Pt 

Pa 

Cos  0 

*t  ■  f 


PARALIEL  RC,  RL,  AND  RCL  CIRCUITS 


/ir2  *  1l' 


It  ■  /ir2  +  (iL  -  Ic)^ 


PARALLEL  RESONANCE 

1  .159 

f «  ■ 


^  2TrVLc 


Bandwidth  (BW)  -  f g  "  ^1 
BW  -  -  _1  ^ 


parallel 


Voltage  half  power  po5nt  -  ,70?  E^ax 
Impedance  half  power  point  -  .707  Z^ax 

f^^  -  Lower  half  power  point 

fg  -  Upper  half  power  point 


Q  -   yr   (for  parallel  resistance)       Q  -  ^   -  ^  -  ^^arik    (foj.  ge^es 

IVJ       Rl      Iiine  resistance) 

-Itwik"'— "S^^"-' — -^--(at-resonance)  lune  ^-^f  " 


TIME  CONSTANTS 
TC  -  R  X  C 
TC 


ERIC 


L 

r 


TC  in  seconds,  R  in  ohms*  C  in  farads,  and  L  in  heneries 
t 


#TC  - 


TC 


#TC-  #TC-u4^ 


t  - 


#TC  X  \ 


t  -  #TC  X  R  X  C         ^  of  charge  -         x  100 


o  .     t  t  

^  X  C      °     #Tfl  X  ft 
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L  - 


R  X  t 


EI 

n  _   #TC  X  L 


64 


ATC  ST  3AQR3X020-X 
Pfopof^ld  by  Keesief  TTC 
KEP-ST-n2 


Technical  Trolning 


Electronic  Principles  (Modular  Self-Paced) 


SAFETY  PRECAUTIONS  AND  FIRST  AID 
FOR  ELECTRONICS  ENVIRONMENTS 


1  July  1974 


AIR  TRAINING  COMMAND 


Ocsigntd  For  ATC  Ceurs*  Um 
00  Mor  tf»  OM  rMff  jot 

65 


ATC  K*tit«r  t-tru 


^7 


fileotronlo  Prlnolplea  Department 
Keoilor  Air  Force  Basei  Mlfflsslppl 


Student  Text  KEP-112 
3AQlt3XO20-X 
1  JUly  1074 


CONTENTS 

SAFETY  PRECAUTIONS  AND  FIHST  AID  FOB  ELECTHONIC  ENVIRONMENTS 
TITLE 


Safety 

Safe^  Precautions  In  Maintenance  Practices 
Safety  vlth  ElectrlcaUy  Powered  To61s 
Safe^  with  Solderine  Irons 
SaXe^  with  a  Blow  Torch 
General  Maintenance  Practice  Precautions 
High-Voltage  Safety  Precautions 
Bescue  of  Shock  Victims 

First  Aid 

Control  of  Bleeding 
Artificial  Respiration 

Traumatic  Shock 
Symptoms 

Cardiac  Arrest 

Closed  Heart  Massage 

Accident  Reporting 

Fires 

Fire  Prevention 
Qasses  of  Fires 
Fire  Contnd 

Toxic  Fumes  and  Gases 
Asphyxiants 
irritants 
Anesthetics 

Cathode  Ray  Tubes 


PAGE 
1-1 

l-l 
1-2 
1-2 
1-2 
1-2 
1-3 
1-4 

1-4 
1-4 
1-6 

1-13 
1-13 

1-14 
1-14 

1-15 


1-15 
1-15' 
1-17 
1-18 


1-19 
1-19 
1-20 
1-20 

1-21 


"  Radioactivity   " " 

types  of  Radiation 
Sources  of  Radiation 
Radioactive  Substances 
Preventive  Measures  and  Handling 
First  Aid 


"l-2r 
1-21 
1-22 
1-22 
1-22 
1-23 


Supersedes  Student  Text  KEP-112|  1  February  1973,  Previous  edition  will  be  used  until  stock 
is  exhausted. 


1 


CONTENTS  (con't) 

TITLE  PAGE  ^ 

Microwave  Radiation  1-23 

Characterlfltlcfl  and  EUecti  1-23 

Preventive  Meamiraa  1-28 

X-Raya  1-26 

Sources  1*26 

Effects  1-26 

Protection  1-26 

Radioacttve  Tiibss  1-27 

General  1-27 

Atomic  RafUatlon  Hazards  1-27 

Precautions  1-27 

First  Aid  1-33 

Decontaminating  Surfaces  1-34 

Soldering  Hazards  1-34 

General  1-34 

Protection  1-35 

Electric  Soldering  Devices  1-38 

Flame-Heated  Soldering  Devices  1-35 

Mechanical  Devices  1-36 

General  1-36 

Rotating  Machinery  1-36  ^ 

Tcwtlc  Agents  1-37 

General  1-37 

Degreaising  Solvents  1^37   

Pressurizing  Gases  1-37 

Battery  Acids  1-37 

Soldering  Materials  1-38 

Mercury  Cells  1*38 


67 

ii 


^1 


SAFETY  PRECAUnOMS  AND  FIIIST  AID  FOR  ELECTRONIC  ENVIRONMENTS 
SAFETY 


Saiety  is  tha  responilbUlty  ol  evety  Indl* 
vldual  In  the  Air  Force*  Thli  Includes  per- 
sonal safety  and  the  safety  of  others*  The 
supervisor  Is  responstUe  for  InstruetlBg 
personnel  In  the  safety  practices  applicable 
to  the  operations  which  are  performed  In 
your  maintenance  unit*  Likewise^  It  is  your 
responsibility  as  a  repairman  of  electronic 
equipment  to  understand  and  observe  the 
sal^ty  standards  and  regulations  established 
for  your  unit* 

The  Installation^  maintenance^  andopera- 
tlon  of  electronic  e<iulpment  has  several 
elements  of  danger*  Carelessness  on  your 
part  can  result  In  serious  iQjuty  or  death 
as  a  result  of  electrical  shodc^  falls»  bums, 
flying  objects^  etc*  The  chief  causes  of 
accidents  are  unsafe  conditions  and  unsafe 
acts#  It  Is  your  responsibility  to  Identliy  and 
eliminate  unsafe  conditions  which  cause 
acddsntSf  In  practically  every  Instance* 
unsafe  conditions  are  IdentlttaUe  and  can 
be  eliminated  by  exercising  foreslgjit  and 
common  sense*  Unsafe  acts  can  be  reduced 
if  each  repairman  is  Informed  concerning 
safety  matters  and  maintains  a  continuous 
awareness  of  hazards  and  safety  procedures* 


The  following  list  indicates  the  common 
causes  of  acddsnts  which  occur  around 
maintenance  facilities.  Note  that  the  himian 
element  of  carelessness  is  present  In  every 
case* 

1.   Operating  equipment  without 
pit>per  authority* 

2*   working     without  sufficient 
experience*  —  

3*  Not  following  safety  precautions. 

4*  Not  using  safety  devices. 

5*  Operating  unsafe  equipment. 

6*  Careless  housekeeping* 

7*  working  at  \msafe  speeds* 

8*  Ihdulgii:^  In  horseplay* 


9*  Assuming  unsafe  body*posltlon 
while  working* 

10*  Operating  moving  equipment  with* 
out  a  proper  safety  guard. 

11*  Falling  to  warm  individuals  of 
possible  dangers* 

la*  Fatigue 


SAFETY  PftECAUTIONS  IN 
MAINTENANCE  PBACHCES 

Most  of  the  hazards  which  will  confront 
you  as  a  repairman  of  electronic  equipment 
wlll'be  associated  with  careless  maintenance 
practices*  Precautions  or  preventive  meas* 
ures  to  be  Observed  In  relation  to  such  acd* 
dents  are  either  listed  or  discussed  In  the 
following  text 

MOst  injuries  Incurred  while  working 
around  the  shop  will  not  require  tnunedlate 
first  aid  on  your  part;  that  ls»  there  will  be 
time  to  call  some  pndesslonally  qualified 
person  to  administer  first  aid*  However^ 
you  should  familiarize  yourself  with  first 
aid  methods  since  a  doctor  or  qualified  first 
aid  technician  may  not  be  availsAIe  for  some 
time.  AF  Pamphlet  35-5-3*  First  Aid  for 
^Alrmeny-is.aa.  excellent,  reference^tor-tirst- 
ald  familiarization. 


There  are  two  types  of  Injuries^  result- 
ing from  an  accident^  which  may  require 
you  to  administer  first  aid  Immediately  to 
save  a  life*  In  the  case  of  severe  electrical 
shockf  the  victim's  system  may  be  para- 
lyzed; In  sudi  cases  Immediate  artificial 
respiration  Is  necessary  to  save  the  victim's 
life.  Since  you  will  be  woridng  with  tods  and 
-equip  me  nt^lt-is^always/possible*tbatyou-or* 
someone  else  may  receive  a  wound  from 
which  there  Is  excessive  or  dangerous  bleed- 
ing. In  such  a  case*  your  kno^edge  of  how 
to  control  the  flow  of  blood  may  mean  the 
difference  betwee  life  and  death  for  yourself 
or  a  fellow  worker*  Eadi  ^  these  first  aid 
measures  is  discussed  In  detail  later  In  this 
chapter*  Study  and  practice  the  procedures 
until  they  are  natural  to  yod< 
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Safety  with  Qtctrlcally 
Powered  Toola 

Hazarda  auodated  with  the  use  of  aleo- 
trlcally  powered  toole  are  electrical  ihock, 
bumflf  eutJi  bruleee^  fUlii  etralnei  epraliuii 
partldei  in  the  eyei  and  exploilou*  aue 
practice  in  the  um  of  electrically  powered 
tools  will  reduce  or  eliminate  such  accidents* 

Listed  below  are  some  general  safety 
precautions  to  be  observed  when  working 
with  electrically  powered  tools: 

1*  See  that  all  cables  of  power  tools 
are  located  so  that  they  wUl  not  constitute  a 
tripping  hazard. 

2*  See  that  sU  electrically  powered 
tools  are  properly  grounded. 

3*  See  that  powered  tools  have  all 
dangerous  moving  parts  guarded. 

4*  Wear  goggles  when  doing  work 
where  particles  may  strike  the  eye* 

5*  Check  to  see  that  electrical  con- 
ductors are  comjdetely  Insulated. 

6*  Replace  defective  cords  and  {dugs 
Immediately. 

7.  Do  not  attempt  to  operate  a  power 
tool  until  you  are  trained,  or  under  your 
trainer's  supervision* 

6*  After  operation^  disconnect  the 
electrical  power  cord. 

9.  If  you  are  a  supervlsori  Instruct 
all  personnel  In  the  correct  use  of  power 
tools  and  Inform  th^m  of  the  hazards  present 
and  safety  practices  to  be  otNserved. 


Safety  With  Soldering  Irons  

The  following  list  of  safety  precautions 
should  be  observed  when  working  with 
i  soldering  Irons: 

1.   Always  assume  a  soldering  Iron 
to  be  hot. 


2*  Never  rest  an  iron  aiqrwherebut 
on  a  metal  rack  provided  for  that  purpose* 

3*  Never  use  excessive  solder  be- 
oause  dripping  solder  majr  cause  burns* 
Should  exoess  solder  collect  on  the  Ironi 
remove  with  a  rag*  Do  not  swing  the  iron 
to  remove  solder* 

4*  See  that  the  cord  and  idug  on  the 
Iron  that  you  Intend  to  use  &re  in  good 
condition* 

9*  Tb  prevent  h*.mS|  hold  small 
soldering  jobs  with  idlers  or  clamps. 

6*  When  cleaning  an  lron«  idace  the 
cleaning  rag  on  a  suitable  surface  and  wipe 
the  Iron  across  it  Do  not  hold  the  rag  in 
the  hand. 


Safety  With  A  Blow  Torch 

Ot)serve  the  following  precautions  when 
working  with  a  blow  torch: 

1.  Do  not  use  a  blow  torch  In  an  un«- 
ventilated  location  or  in  the  vldntty  of 
gasoline  or  other  flammable  liquids  or 
substances. 

2.  Set  the  blow  torch  in  a  secure 
place  befbre  preparing  to  light  it 

3.  Do  not  light  a  blow  torch  with 
gasoline  spillage  over  it 

4*  Do  not  light  a  blow  torch  when 
gascUne  Is  bumli^  in  the  bowl  below  the 
vaporizing  unit 


General  Maintenance 
Practice  Precautions 

sense  safety  precautions  ctacemlrs  general 
Items*  Fix  them  in  your  mind  and  otNserve 
them* 

1.  Do  not  wear  metal  Identification^ 
braceletSi  wrist  watches^  or  rings  while 
working  with  electrical  equipment. 
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2.  Kaap  your  clothing^  hucLii  and 
taet  diy  If  at  all  pOislbla. 

3.  Pull  the  Aiiasi  opaii  th«  circuit 
braakerei  or  dlsconnaet  the  drculta  ftom 
their  aource  of  pcnvar  to  protect  yourMlfi 
the  teat  aulpmanti  and  the  e<pitpinent  under 
test. 

4.  Do  not  use  your  bare  bands  to 
remove  hot  tubea  from  their  aoclurta.  You 
may  burn  your  bands  and  drop  ths  tube.  Use 
asbestos  gloves  or  a  tube  puller  for  remov- 
ing hot  tubes. 

5.  Do  not  troublesboot  a  circuit  with 
the  prlmaiy  power  applied^  unless  abso- 
lutely necessary. 

6.  It  It  becomes  necessaiy  to  woric 
on  equipment  vAfh  the  power  applied^  keep 
one  band  free  at  all  times  (behind  you  or  In 
your  poctot)* 

7.  Be  aware  o^  charged  capacitors 
when  making  voltage  checks  and  other  clr» 
cult  checks. 

8.  Be  certain  that  there  Is  no  power 
applied  to  a  circuit  when  making  a  contlnully 
or  resistance  check*  (Ibe  meter  will  be 
damaged.) 

d.  Use  the  correctto6l(aGrewdriver» 
alignment  tod^  etc*)  for  dcdng  the  Job. 

10,  CireftiUy  inspect  the  Insiilatlonttn 
the  test  leads  to  your  test  equipment*  Ibe 
slightest  break  In  the  insulation  may  be 
dangerous. 

U.  Turn  oft  the  power  before  con- 
necting alligator  dips  to  any  circuit, 

12.  Never  use  tcndc  orfUmmalAe  sol- 
vents for  cleaning  purposes. 

13.  DO  NOT  TAKE  ANYTHING  FOR 
GRANTED  when  working  with  Inexpexleneed 
help.  Check  every  operation  i>eft>re  they 
perform  it. 


Hlgh*Vdltage  safety  Pracautlnns 

Bo4)r  resistance  to  electrlosl  currant 
varies  betwsen  100^000  and  800^000  ohms 
for  dry  akin  to  IjOOO  ohms  for  wet  8kln«  Ibe 
Intemsl  resistance  of  the  body,  hand  to  foot* 
is  about  400  to  600  ohms;  from  ear  to  ear  It 
is  about  100  ohms.  Even  though  the  human 
skin  has  high  resistance  and  therefore  acts 
as  a  partial  protector  against  electrics! 
shock,  it  may  be  mortally  dangerous  to  come 
in  bodily  contact  with  an  exposed  power  lead 
or  other  point  of  potential  or  electronic 
equipment 

Suppose  115  vdta  were  applied  to  the 
perspiring  skin  of  a  worker  who  Is  standing 
on  a  good  electrical  ground.  Assuming  a 
total  resistance  of  1^500  ohms  (sklt^  bo<Vt 
and  ground  contacts)^  the  current  through 
the  worker's  bo4)r  woUld  be  about  .077 
ampere  or  77  mllllamperes.  Though  this 
amount  of  current  may  or  may  not  be  fatal^ 
there  will  always  be  pain,  sever  muscular 
contractions^  and  breathing  difficulties.  When 
we  thihk  of  electrocution^  we  are  inclined  to 
tbihk  in  terms  of  high  voltages^  but  a  point 
always  to  remember  Is  that  MORE  PEOPLE 
ARE  KILLED  BY  US  VOLTS  THAN  ANY 
OTHER  VALUE. 

The  following  list  indicates  the  safely 
precautions  to  be  practiced  when  working 
with  equipment  where  high  voltages  are 
present  Failure  to  observe  these  precau- 
tions could  result  in  deaths 

1.  Never  trust  a  switch. 

2.  Do  not  rely  on  safety  devices. 

3.  Liform  the  remote  station  as  to 
the  circuit  on  which  you  will  be  working. 

4.  Place  aDANGER8lgn''DAMGER  - 
DO  NOT  USE  OR  OPERATE"  or  a  similar 
warning  note  at  the  swUdi  or  circuit  breaker 
of  the  circuit  on  whldi  you  will  be  working. 

5.  -~  Turn  the  power  switch  to  the  OFF 
position. 

6.  Remove  all  fuses  from  dreolts 
where  switches  might  be  closed  accidentally 
or  unintentionally. 
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7.  Always  be  awar«  of  the  ]»ari»fls 
of  hltch-voitoge  Unee  or  circuits  to  prevent 
accidental  touching. 

6.  Do  not  work  with  hlgh-voitago 
equipment  by  yourfleif;  have  another  pereon 
(safety  obs«rver)|  qualified  In  first  aid  for 
electrical  shockt  present  at  all  times. 

0.  Do  not  rely  upon  the  Insulation 
as  complete  protection  against  electrical 
shock. 

10.  Iteep  your  feet  dear  of  objects 
on  the  floor. 


fli  Protect  yourself  with  dry  in- 
sulating material. 

b.  Use  a  dry  boards  your  belti 
dry  dothlng  or  other  non-conductormaterial 
to  free  the  victim.  When  possible  PUSH  - 
DO  NOT  PULL  the  vlcUm  free  of  the  high- 
voltage  source. 

c.  Use  an  ax  If  necessary  to  cut 
the  high-voltage  wire. 

d*  DO  NOT  touch  the  victim  with 
your  bare  hands  until  the  high*voltage  cir- 
cuit is  broken* 


U.  Stand  on  a  good  rubber  mat  (Not 
all  so-called  "rubber  mats"  are  good  In- 
sulators). 

12.  Use  rubber  gloves  when  appli- 
cable. Make  certain  rubber  gloves  are  In 
good  condition  and  tested  for  holes  and 
Insulation  breakdown. 

13.  Use  a  shorting  stick  to  discharge 
all  high'-voltage  capacitors. 

14.  Do  not  change  electron  tubes  or 
make  adjustments  Inside  equipment  when  the 
high-^voltage  supply  is  on. 

15.  Make  certain  that  tfaeblgh*voltage 
plate  circuits  are  turned  off  before  perform- 
ing preventive  maintenance  onthe  equipment 


FIRST  AID 

At  the  present  time  you  are  tlmited  as 
to  the  amount  of  first  aid  that  you  are 
allowed  to  give  to  Injured  personnel.  Your 
responsibility  I  howeveri  Is  the  effective 
accomplishment  of  the  fbllowlng  three  steps: 

1.  Call  for  a  medical  ofUcer  and 
pulmotor^  if  possible,  but  DO  NOT  DELAY 
ADMINISTEHINQ  FIRST  AID  WHILE  WAFT- 
ING FOR  EITHER. 

2.  Stop  all  serious  bleeding  quickly. 

3.  If  breathing  has  stopped^  apply 
artificial  respiration  Immediately. 


16.  Make  certain  that  the  equipment 
Is  props  rly  grounded.  Ground  all  test  equip- 
ment to  the  equipment  under  test« 


Resctie  of  Shock  Victims 

The  victim  of  electrical  shock  is  de- 
pendent upon  you  to  give  prompt  first  aid. 
Unless  you  want  to  become  a  victim  your^ 
self,  observe  these  precautions.  ^  ^  ^ 

1.  Shut  oft  high  voltage  at  once. 

2.  If  the  high  voltagecannotbetumed 
off  without  delayi  free  the  victim  from  the 
live  conducton  REMEMBER: 


Control  of  Bleeding 

Uncontrolled  bleeding  may  cause  or  in- 
crease shock  and  finally  result  in  death. 
Slop  any  severe  deeding  immediately.  To 
stop  bleeding,  first  apply  pressure  to  the 
wound  with  a  dressing,  or.  If  necessary^ 
with  some  substitute  material  such  as  a 
dean  shirt  or  handkerchief.  Be  sure  to  use 
dean  materials*  Place  the  dressing  or  cloth 
against  the  wound  and  apply  firm  pressure. 
See  figure  l-l.  Continue  the  pressure  as 
long  as  needed.  Use  an  additional  dressing 
to  cover  the  wound^  If  necessary.  Wrap  the 
tails  of  the  dressing  around  the  wounded 
part  and  tie  the  ends  to  hold  the  dressing 
flnnly  against  the  wound. 
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Figure  1-1*   Oontrd  of  Bleeding 

If  the  wound  is  on  an  ann  or  leg  and  if 
the  bleeding  contlnufifl^  ittaoe  ttie  patient  in  a 
prone  position  with  the  wounded  arm  or  leg 
raised.  In  this  position  the  tdood  does  not 
flow  Into  the  wounded  limb  so  fasti  thus 
bteeding  from  the  wound  is  slowed.  The 
bleeding  is  slowedt  not  stoppedt  by  raising 
the  arm  or  legi  so  you  still  have  to  use  the 
dressing  and  pressure* 

DO  NOT  raise  the  limb  U  you  tblidc  the 
bone  Is  broken.  Moving  a  broken  arm  or  leg 
is  dangerous,  since  it  may  result  in  further 
Injury  to  the  patient  and  may  Increase  shodc* 

A  TOURNIQUET  SHOULD^  BE  USED 
ONLY  FOR  SEVEREi  LIFE*TBR£ATENING 
HEMMORRHAGE  TBAT  CANNOT  BE  CON* 
TROLLED  BY  OTHER  MEANS*  Its  appU^ 
cation  may  cause  tissue  Injury;  it  may  com- 
pletely shut  off  the  entire  blood  supply  to 
the  part  bel0W|  and  the  pressure  device 
itself  often  cuts  Into  or  Injures  the  skin.  ]t 
is  only  rarely  required.  Tourniquets  should 
be  used  only  when  severe  Ueedlng  involves 
an  extremity  In  iffblch  the  large  arteries  ue 
severed,  or  In  cases  of  partial  or  complete 
severance  of  a  bo^  part*.  These  are  the  only 
Instances  ix^ere  application  of  a  tourniquet 
may  be  Justified.  If  it  Is  necessary  to  use  a 
tourniquet,  fdllow  fhe  procedure  illustrated 
in  figure  1-2* 

A  tourniquet  should  be  tightened  only 
enough  to  stop  arterial  bleeding  (gushing  of 
blood  from  ttie  wound)* ^Veins  usually-con- 
tinue  to  bleed  until  the  limb  la  drained  at 
blood  alreacfy  present  In  It;  thus,  In  sucti  an 
Instance,  Ueedlng  is  not  reduced  by  further 
tightening  of  the  tourniquet. 


Figure  l-2t   Application  of  a  Tourniquet 


Always  place  the  tourniquet  between  the 
wound  and  the  heart,  in  most  cases  as  low 
as  possible  Just  at>ove  the  wound.  However, 
in  the  cade  of  bleeding  below  the  knee  or 
elbow,  .a  tourniquet  should  be  placed  just 
above  these  loints*  When  possitde,  project 
the  skin  by  putting  a  tourniquet  over  the 
smooth  sleeve  or  trouser  leg* 

THE  PATIENT  SHOULD  BE  SEEN 
BY  A  MEDICAL  OFFICER  AS  SOON  AS 
POSSIBLE  once  the  tourniquet  Is  applied. 
The  tourniquet  shoUld  not  be  loosened  by 
anyone  except  a  medical  oftlcer  prepared 
t)Qth  to  stop  the  bleeding  by  other  means 
and  to  replace  the  Idood  volume  by  trans* 
fusion,  Itepeated  loosening  of  the  tourniquet 
by  inexperienced  personnel  Is  extremely 
dangerous  l)ecause  ttie  life  of  the  patient  is 
endangered  ttirougb  further  loss  of  blood. 

If  conditions  permit  you  to  stay  with  the 
wounded  person,  Inspect  the  tourniquet  fre- 
quently to  see  U  it  has  slipped  or  If  there  Is 
any  sign  of  further  btee<fing*  If  necessaryi 
replace  the  tourniquet  to  its  proper  position* 
If  further  bleeding  occurs,  further  tightening 
of  the  tourniquet  may  be  necessary* 

In  extremely  cold  weather,  arms  or  legs 
to  vdilch  tourniquets  have  l>een  applied  are 
subject  to  cold  Injury;  therefore^  such  ex- 
tremities should  be  protected  from  ttie^cold.^ 

Often  you  can  reduce  or  stop  bleeding  by 
applying  band  or  Unger  pressure  at  various 
points  on  a  patient* s  t>od7*  The  locations  of 
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tb«fl6  points  are  shown  In  figure  If  help 
li  avaUaUef  have  the  person  use  an  appro^ 
prlate  pressure  point  while  you  a 
tourniquet*  The  pressure  points  in  the  groin 
and  neck  are  partleulariy  Important*  If  the 
wound  li  too  high  on  the  leg  {or  a  tourniquet 
to  be  applied^  the  pressure  points  In  the 
groin  can  be  used.  A  neck  pressure  point 
should  be  used  when  the  casualty  has  a 
profusely  bleeding  scalp  wound;  however^ 
use  the  neck  pressure  point  only  as  a  last 
resort»when  other  methods  of  stopping 
bleeding  have  failed.  Figure  1-3  ahows  a 
means  of  applying  pressure  with  the  hand. 
This  method  may  also  be  used  on  the  head 
and  neck  pressure  points^  using  the  index 
and  middle  fingers.  The  heel  of  the  hand  Is 
used  to  apply  pressure  to  the  groin* 

CAUTION*  Do  not  apply  pressure 
to  both  neck  points  at  the  same 
time.  To  do  so  would  cut  oft  the 
blood  supply  to  the  brain,  causing 
unconsciousness  and  then  death. 


Artificial  Respiration 

Immediate  action  must  be  taken  In  cases 
of  drowning  and  electric  shocks  Seconds 
count.  They  can  mean  the  difference  between 


death  and  recovery*  You  should  thoroughly 
acqiualnt  yourself  with  the  Urst-ald-meas* 
ures  fdr  such  emergencies-  Artificial  res* 
plratlon  Is  the  fundamental  flrst-ald-meas- 
ure  for  either  of  these  emergencies)  there- 
forei  the  procedures  {or  giving  artUlclal 
regplratlon  are  covered  in  this  chapter* 

ArtUlclal  respiration  is  not  restricted  to 
the  treatment  of  victims  of  drowning  and 
electric  «hoiik*  ARTinOAL  RESFIRATION 
IS  USED  TO  START  BREATHING  IN  PER- 
SONS WHOSE  BREATHING  HAS  STOFPCa 
This  may  also  occur  in  carbon  monoxide  or 
other  gas  poisoning^  In  persons  who  have 
been  In  Urge  tires,  esiposed  to  severe  blasts^ 
and  In  other  eases  of  unconsciousness*  When 
breathing  Is  inadequate  the  victim  will 
always  be  pale  or  moreUuethanusual  except 
in  carbon  monoxide  poisoning  in  which  case 
the  symptoms  may  be  giddiness^  weakness^ 
headache^  vomiting,  and  unconsciousness* 

The  most  Important  thing  to  rememberln 
giving  artificial  respiration  Is  to  BEGIN 
IMMEDIATELY,  Don't  waste  time  moving 
the  victim  to  the  ideal  location;  don't  wait 
{or  a  mechanical  resuscitator^  which  is  to 
be  used  ONLY  by  s  QUAUHED  PERSON, 
Start  at  once. 


Figure  1*3*   Pressure  Points  and  Application 


An  important  oonildaratlon  In  uqr  matbod 
of  artmcial  r«tplratlon  liS  that  the  AIR 
PASSAQEWAY  BE  OPEN*  B  th6r«  IB  an 
olutructlon«  air  cannot  enter  the  lungs 
regardledi  of  the  method  used*  The  air 
paiugevfay  of  the  uneoiuieloui  victim  le 
uetially  blocked  to  aome  degree*  There  are 
three  main  cauaes  for  obatntctlon*  The 
first  la  liquid^  false  teeth^  or  other  foreign 
matter  in  the  mouth  or  throat  The  second 
Is  relaxation  of  the  Jaw*  The  tongue  is 
attached  to  the  Jaw  ao  that  It  falls  backward 
and  blocks  the  throat  (called  "awallowlng 
the  tongue")*  The  third  la  the  position  of 
the  neck.  When  the  neCk  is  bent  forward  so 
that  the  chin  is  down  close  to  the  chest, 
there  is  a  tendency  for  the  throat  to  become 
"kinked"  and  block  the  passage  of  air*  The 
air  passageway  can  be  Irapt  open  by  placing 
the  bead  In  the  position  of  an  Individual  look- 
ing upwards* 

You  may  have  learned  the  old  prone 
pressure  method  of  administering  artUtdal 
reaplratloDy  or  the  more  recent  back*- 
presHure-ann-llft  (B»F-A-L)  method^  or 
the  back--pred8ur6-hlp-pUft  (S-F-H-L) 
jr*9thod*  In  the  use  of  these  methods^  the 
^  vMm  miust  be  lying  on  his  stomach*  There 
Is  also  a  new  method  where  the  victim  Is 
placed  00  his  back.  This  method  Is  known 
as  the  txtotttb-to-mouth  or  exhale d--alr 
method* 

MOUTH-TCVMOUTH  METHOD  (EX- 
HALEC^Ain  METHOD).  It  has  been  proven 
that  the  mouth-^to-moutti  method  Of  artiilclal 
respiration  Is  the  most  eflectlTe  method* 
It  Is  simpler  to  use  and  saves  more  lives* 
Do  not  waste  time  trying  old  mettiods«  or 
worrying  about  getting  Infected*  The  pos-» 
slfalli^  of  Infection  is  remote*  YOU  HAVE 
A  LIFE  TO  SAVE. 

In  tills  method^  you  breathe  air  into  the 
victim's  lungs  with  your  own  moutti*  Since 
you  consume  only  part  of  tlie  oxygen  out  of 
the  air  which  you  Inhale*  the  air  you  breathe 
Into  the  victim's  lungs  contains  enough 
oxygen  to  revive  him* 

Youll  find  that  you  need  to  breathe 
dlighUy  deeper  and  f^er  than  usual  In 
order  to  get  enough  air  for  yourself*  but 


don't  worry  about  thlf  point*  Under  certain 
conditions^  which  wlU'be  ex^aalned  later^  the 
mouth-to-mouth  method  of  artificial  reipira* 
tlon  cannot  be  used*  The  step-by*step  pro- 
cedure for  administering  mouth*to»mouth 
artificial  respiration  follows; 

STEP  1*  TUflN  THE  VICTIM  ON  HIS 
BACK* 

STEP  2*  CLEAN  THE  MOUTH,  NOSE, 
AND  THROAT*  B  the  mouth* 
nose  and  throat  appear  clean* 
start  ea^ed-alr  artificial 
respiration  Imme  dlately*  If 
foreign  matter  such  as  vomit 
or  mucus  Is  visible  in  the 
mouth*  nose,  and  throatg  wipe 
It  away  qylddy  with  a  cloth  or 
by  passing  the  Index  andmlddte 
fingers  through  the  throat  In  a 
sweeping  motion.  (See  figure 
1*4*) 

STEP  3*  PLACE  THE  VICTIM'S  HEAD 
IN^THE  "SWOBD-SW ALLOW- 
ING POSITION*"  The  beadmust 
be  placed  as  f^r  back  as  pos- 
slUe  30  that  the  front  of  the 
neck  is  stretched* 

STEP  4:  HOLD  THE  LOWER  JAW  UP 
(See  figure  1-5)*  Approach  the 
victim's  bead  preferably  from 
his  left  side*  Insert  the  thumb 
of  your  left  hand  between  the 
victim's  teeth  at  the  midline* 
Pull  the  lower  Jaw  forcefully 
outward  so  that  the  lower  teeth 
are  further  forward  than  the 
upper  teeth*  BcUd  the  Jaw  in 
this  position  as  long  as  the 
victim  Is  unconscious*  A  piece 
of  doth  may  be  wxappedaround 
the  thumb  to  prevent  injury  by 
the  victim's  teeth* 

In  the  case  of  young  diUdren  (under  age 
3)  or  In  a  victim  who  has  tight  Jaws  grasp 
the  angles  of  the  lower  Jaw  below  the  ear 
lobedt  with  both  of  your  bands*  one  on  each 
side  of  the  victlm^s  bead  (see  figure  1-^7). 
Lift  the  lower  Jaw  forcefully  outward  do  tiiat 
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the  lower  teeth  are  further  forward  than  the 
uppdr  teeth#  To  open  the  IlpSi  pull  the  tower 
Up  down  with  the  thumba  while  forceAxlIy 
holding  the  tower  Jaw  forward  Hold  the  jaw 
In  this  position  as  long  as  the  victim  la 
unconscious* 

STEP  6,  CLOSE  THE  VICTIM'S  NOSE, 
Qose  the  victim's  nose  ty 
compressing  it  between  the 
thumb  and  forefinger  of  the 
right  hand  as  'shown  in  Ugure 
I-6#  In  the  case  of  tOUNQ 
CHILDHEN  (UNDER  AGE  3) 
or  in  a  victim  who  has  tight 
jawfii  block  the  victim's  nose 
to  prevent  air  leakage  by  pres- 
sing your  right  cheek  against 
the  nasal  Openings  as  shown  In 
figure  1-8*  (The  hands  vdU  be 
occupied  dlsewhereX 

STEP  6,  BLOW  AIR  INTO  THE  VIC- 
TIM'S LUNGS.  Take  a  deep 
breath  and  cover  the  victim's 
open  mouth  with  your  open 
mouth  making  contact  airtight* 
In  the  case  of  a  baby^  the 
rescuer's  mouth  can  cover  both 
the  mouth  and  nose  with  an 
airtight  contact*  Blow  rapidly 
until  the  chest  rises*  If  the 
chest  does  not  rise  when  you 
blow  In,  Improve  the  position 
of  the  victim's  air  passageway^ 
and  blow  more  forcefully* 
Blow  FORCE  FULLY  into 
ADULTS  and  GENTLY  Into 
CHILDREN* 

STEP  7,  LET  AIR  OUT  OF  VICTIM'S 
LUNGS#  After  chest  rlses^ 
quickly  separate  Up  contact  with 
the  victim*  and  allow  the  victim 
to  exhale  by  himself* 

Repeat  Steps  6  and  7  at  aerate  of  12  to  20 
times  per  minute#  Continue  rtiylfamlcally 
without  Interruption  until  the  victim  starts 
breathing  or  Is  pronounced  dead*  A  smooth 
rhythm  Is  desirable^  but  split-second  timing 
Is  not  essential* 


Several  devices  consisting  of  a  shorttube 
with  a  mask  at  one  end  to  cover  the  victim's 
face  have  been  developed  to  increase  effi- 
ciency and  provide  sanitation*  One^  the 
"ventl*breather/'  (shown  in  figure  l-o) 
has  a  valve  to  control  Inhalation  and  exhala* 
tlon  through  slots  In  the  tube#  The  rescuer 
breathes  In  one  end  of  the  tube#  A  mask  at 
the  other  end  covers  the  victim's  nose  and 
mouthy  permitting  air  to  be  blown  through 
the  nose  in  case  the  lips  are  clamped  shut# 
There  Is  no  need  to  hold  the  nose  closed* 
Ventl-breather  does  away  with  step  5  above 
and  changes  steps  6  and  7  since  lip  contact 
Is  not  retiulred*  All  other  steps  are  as  des- 
cribed above*  Qean  victim's  mouth  and 
throat  with  flngers#  Hold  the  Jaw  and  mask 
as  shown  In  figure  I-IO*  Un  some  cases  the 
thumb  and  index  Unger  can  be  used  to  bold 
the  mask  to  the  face  thus  freeing  the  other 
hand*)  Be  sure  the  mask  is  airtight  to  the 
face;  that  the  head  is  in  the  sword-swallowing 
position;  that  the  Jaw  is  pulled  forward;  and 
watch  to  see  that  the  victim's  chest  rises 
and  falls#  If  It  doesn't^  try  using  two  hands 
to  bold  the  victim's  Jaw  up^  one  oneach  slde# 

GENERAL  FRECAUTIONS* Afterexhaled- 
alr  artificial  respiration  has  t>eenperibrmed 
for  a  period  of  time,  the  VICTIM'S  ABDO- 
MEN MAT  BULGE*  This  Is  due  to  air  which 
is  blown  Into  the  victim's  stomach*  Air  in- 
flation of  the  stomach  rarely  occurs  when 
the  correct  technique  is  applied*  It  does 
occur  If  the  air  passageway  Is  blocked  by 
improper  support  of  the  head  and  lower  Jaw 
or  if  the  blowing  is  too  forceful* 

Air  inflation  of  the  stomach  Is  not  dan- 
gerouSf  but  Inflation  of  the  lungs  Is  easier 
when  the  stomach  Is  empty*  If  the  rescuer 
sees  the  abdomen  lulgingi  he  should  Inter- 
rupt blowing  for  a  few  seconds  and  press 
with  his  hand  on  the  upper  abdomen  causing 
the  air  to  be  "burped'\  Since  this  maneuver 
may  cause  the  victim  to  ''vomit''  also^  the 
rescuer  must  be  read^/  ^  victim's 
head  to  the  side  and  dean  the  throat  at  once* 

The  drowning  victim  may  or  may  not  have 
water  In  the  lungs*  Water  cannot  be  removed 
from  the  lungs  satisfactorily  by  any  means* 
Exhaled-alr  artificial  respiration  is  effec- 
tive,  even  with  water  in  the  lungs* 
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Figure  1-4 


Tigan  1-9 


Figure  1-6 


Figure  1-7 


Figure  1-8 


Figure  lr9 


Figure  1-10 


The  drowning  victim  usually  swaUowe 
large  ainounta  of  water.  When  the  reecuer 
performa  the  Srmt  few  breatlis  of  exfaaled- 
air  artUlcija  re;|piratlony  the  water  may  be 
pushed  Into  the  vtcUm^s  throat  due  to  pres- 
sure trannuitted  through  the  diaphragm  by 
the  extendiiig  lungs.  The  rescuer  must  be 
alert  to  this  posslblUty  and  roU  the  vlctlm^s 
head  to  the  side  lmmediatel7  w  ttiat  the 
water  and  other  materials  drain  out*  Ex- 
baled-alr  artificial  respiration  should  be 
resumed  as  qylddy  as  possiUe. 

If  the  VICTIM  A PP^^  TO  BE 
BREATHING  TO  SOME  DEGREE^  keep  Us 
air  passageway  open  until  he  awakens  by 


maintaining  the  support  of  his  lower  Jaw. 
If  his  tongue  or  fingernails  are  blue  rather 
than  pink,  he  is  not  breathing  adequately 
and  requires  assistance.  Tbe  rescuer  must 
perform  exbaled-alr  artificial  respiration 
by  breathing  air  into  the  vlctim^s  bings  each 
time  that  the  victim  himself  breathes  In. 
Adjust  your  timing  to  assist  him.  Do  not 
fight  his  attempt  to  breathe.  S^ndiionize 
your  eflorts  with  bis. 

Tbe  victim  may  appear  to  be  breathing 
because  oC  movepnent  of  his  chest  andabdo-. 
men.  Actually  no  air  may  be  moving  into 
his  lungs  due  to  comiOete  obstruction  of  the 
air  passageway  from  improper  positioning 
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of  the  head  and  i^^*  For  this  reaaoni  It  is 
most  important  to  determine  whether  or  not 
there  Is  any  movement  of  air  in  and  out  of 
the  mouth  and  nose  W  listening  dosely. 

The  victim  may  be  BBEA THING  NOISILY 
(SNOBINQ)  Indicating  partial  obstruction  of 
the  air  passageway*  This  may  be  relieved 
by  holding  the  victim's  head  in  a  sword- 
swallowing  ponltlon  and  the  jaw  thrust 
forward. 

As  soon  as  the  patient  starts  breathing^ 
or  additional  help  becomes  available^  see 
that  the  patient's  dothing  is  loosened  (or  if 
wet»  removed)  and  that  he  is  treated  for 
traumatic  shock  1^  lowering  head  and 
shoulders^  elevating  his  legs  and  keeping 
him  warm  (see  section  on  Traumatic  Shock), 
Do  not,  however^  Interruptartlflclalre^lra- 
tlon  to  do  this  before  he  starts  breathing. 

It  Is  extremely  Important  thatthe  rescuer 
remain  at  the  victim's  head  during  transport 
tation  at  all  times  In  order  to  keep  the 
victim's  air  passagev'ay  open  1^  the  methods 
described  previously  andtp  start  an  exhaled- 
air  technique  of  breathing  if  the  victim 
ceases  to  breathe. 

Exhale  d-al  r  artlf leal  respl  ration  will 
also  work  for  a  person  who  stops  breathing 
because  he  has  gotten  too  little  oxygen  at 
high  altitude.  Howeveri  It  only  works  if 
there  is  enough  oxygen  in  the  air  you  breathe 
out*  There  will  not  be  enough  o:^gen»  if  you 
are  above  10^000  feet  cabin  altitude  and  not 
getting  o^gen  through  a  mask.  In  this  case» 
It  is  best  to  apply  a  resuscitator.  If  a  re<^ 
resusdtator  Is  not  availablei  qulcUy  apply 
to  the  victim  a  mask  which  Is  attached  to 
an  operative  oxygen  regulator.  Switch  the 
regulator  on  and  to  100  percent  oxygen 
and  give  back-pressure-arm-lift  (B-P-A-L) 
artificial  respiration  as  explained  in  the 
following  section* 

Under  any  conditions  which  require  you 
to  wear  a  mask»  you  cannot  give  eabaled- 
air  artificial  respiration*  This  will  be  true 
during  gas  attack  and  under  certain  condi- 
tions of  biological  and  radiological  warfare. 
The  olderback-pressure-arm-llft(B-P-A-L) 


or  back«*pre08ure-hlp-llft  (&*P-H«L) method 
must  usually  then  be  used  while  the  victim 
wears  a  gas  mask.  Be  sure  to  watch  the 
mask  for  vomit  and  dear  mask  if  needed. 
If  the  expiratory  valve  of  your  gas  mask 
can  be  attached  to  the  tube  on  an  artificial 
respiration  mask  such  as  the  venti-breather 
It  would  then  be  possible  to  give  exhaled-alr 
artlUcal  respiration. 

The  B-P-A-L  METHOD  OP  ARTIFI- 
CIAL RESPIRATION.  When  exhaled-alr 
artificial  respiration  cannot  be  glven^  the 
back-pressure-arm-lift  method  is  prefer** 
red  over  the  back-pressure-hlp-llft  method. 
Use  the  B-P-A-L  method  unless  the  victim 
has  an  Injury^  such  as  a  broken  arm,  which 
makes  It  necessary  to  use  an  alternative 
method.  The  step-by-step  procedures  for 
administering  the  B-P-A-L  artificial  res- 
piration are  as  follows: 

1.  Position  of  the  subject;  Place 
the  victim  In  the  face  down^  prone  position* 
Bend  his  elbows  and  place  the  hands  one 
upon  the  other.  Turn  his  f^ce  to  one  side» 
placing  the  cheek  upon  his  hands.  Refer  to 
figure  1-11. 

2.  Position  of  the  operator:  Kneel 
On  either  the  right  or  left  knee  at  the  head 
of  the  victim,  fadng  him.  Place  the  knee  at 
the  side  of  the  subject's  head  dose  to  the 
forearm.  Place  the  opposite  foot  near  the 
elbow.  If  It  Is  more  comfortable,  kneel  on 
both  knees,  one  on  either  side  of  the  vic<^ 
tlm's  head*  Place  your  hands  upon  the  flat 
of  the  v;ictlm's  back  In  sudi  ^  »vay  that  the 
beds  of  the  hands  He  Just  below  a  line  run- 
ning below  the  armpits,  with  the  tips  of  the 
thumbs  lu^t  touching;  spread  the  fingers 
downward  and  outward*  Refer  to  figure  1-12. 

3.  Compression  phase:  Rock  for^ 
ward  until  the  arms  are  approximately  verti- 
cal and  allow  the  weight  of  the  upper  part 
Of  your  bocly  to  exert  slow,  steacty^  even 
pressure  ctownward  upon  the  hands.  This 
forces  air  out  of  the  lungs.  Tour  elbows 
should  be  kept  straight  and  the  pressure 
exerted  almost  directly  ctownward  on  the 
back*  Refer  to  figure  1-13. 
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4.  Poiltlon  tor  expanalon  pbuti  Re- 
laue  the  presiurei  avoiding  a  final  thnitti 
and  commence  to  rock  ilowly  backward. 
Place  your  bands  upon  the  vlctlm'i  armi 
Just  below  hli  elbowi.  Refer  to  figure  1-14. 

B.  Expansion  phase;  Draw  his  arms 
x^iward  and  toward  you.  Apply  Just  enough 
Utt  to  feel  resistance  and  tension.  Do  not 
bend  your  elbows.  As  you  rock  backward  the 
victim's  arms  wui  be  drawn  toward  you. 


Lower  the  arms  to  the  ground.  Tills  com- 
pletes the  ftill  cycle.  The  arm  lift  expands 
the  cheiti  arches  the  ^eki  and  relieves  the 
weight  on  the  chest.  Refer  to  figure  1-lB. 

THE  CYCLE  SHOULD  BE  REPEATED 
12  TIMES  PER  MINUTE  AT  A  STEADY 
UNIFORM  RATE.  THE  COMPRESSION  AMD 
B3CPANSI0N  PHASES  SHOULD  OCCUPY 
ABOUT  EQUAL  TIMBt  THE  RELEASE 
PERIODS  BEING  OF  MINIMUM  DURATION. 


iirr 
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Figure  1-lS.   ExpanslOQ  Phase 
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Figure  1*1B*  Compr«8siDn 
(B-P*H--L) 


Figure  1-17*  CompreMlon 
(B-P-H-L) 


Figure  l-'ie*   Un  Position  (B-P-H<*L) 


The  B-P-H-L  METHOD  OF  ARTin- 
CtAL  RESPIRATION*  Wbere  arm  iBl^utes 
render  the  back-pressure-arm-lttt  method 
impractical^  the  hack  »  pressure  -  hip  *lUt 
method  Is  preacribed.  jt  Is  effective^  though 
more  tiring  to  the  operator. 

nace  one  knee  onthegoundbeslde 
the  victim's  hip.  Straddle  him  and  place  the 
other  foot  on  the  ground  near  the  other  hip» 
facing  the  direction  of  the  victim's  head. 
Refer  to  figure  1-16. 

2.   nace  your  hands  on  the  victim's 
back  Juet  bdow  the  shoulder  Uades  vtth  ttie 


Figure  1-19.   Expansion  (B-P-H-L) 


thumtis  alxAit  2  leches  apart  along  the  sptnew 
Lean  forward  ivith  your  eitxvws  stral^^t  and 
let  the  veig^  <a  the  tqiper  part  of  your  bo^ 
put  a  8tea4r»  gentle  pressure  on  the  victim's 
back.  Refer  to  figure  1-17*  Release  the 
pressure  quiddy  but  vtUiout  any  extra  push 
at  the  release. 

3*  Place  your  hands  under  the  vic- 
tim's hip  bones  wbere  theytoucfa  the  ground— 
NOT  UNDER  THE  WAIST—andllft  the  hips 
vertically  about  4  to  6  iccfaes*  Refer  to 
figure  I'lB  and  figure  1-19. 
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4*  Qantly  i^plao*  the  hlpi  to  the 
Sroundi  DO  NOT  DROP*  R«pft&t  th«  oydt 
10  to  la  tlmftf  a  mlmitft*  It  If  pOiillAe  to 
ebanta  kiwM  but  da  not  break  the  retular 
rhythm  of  the  cycle* 


TRAUMATIC  8B0CK 

When  the  human  body  undergoea  great 
strain  due  to  aevere  it^ury^  loaa  of  tAoodg 
paln^  and/or  psychic  factorii  It  uaually 
resulta  In  a  state  of  condition  called  trau- 
matic Bhodc  or  commonly  called  "ahock'\ 
This  type  of  flhodc  Is  a  profound  and  crltl^ 
cal  condition.  Once  It  has  developedg  there 
is  Uttle  to  bo  acoomiOlshed  in  the  absence 
of  qualified  medical  personnel*  Prevention 
of  tramnatlc  abode  la  therefbre  very  Im^ 
portant.  Treatment  to  prevent  abode  should 
be  started  as  soon  as  possible  i»hen  a  vlc^ 
tim  Is  found  Inluredg  In  severe  paln^  or 
unconscious  due  to  Injury^  paln^  or  psychic 
factors* 


Symptoms 

Symptoms  of  traumatic  shock  are  listed 
below: 

I*   The  eyes  of  the  victim  have  a 
vacant  stare  and  the  pupUa  are  dilated* 

2.  Breathing    is    shallow  and 
Irregular. 

3.  The  skin  Is  pale^  ctild  and  moist. 
4*   The  pulse  is  weak  or  absent* 


Treatment 

To  prevent  or  treat  shodc,  fbllow  the  In-^ 
stnictions  listed  below; 


1*  Contrdl  Ueedlag  and  palm 

a*  Place  victim  horixontaUyi  with  the 
head  lowered  and  feet  elevated* 

3*  Do  not  move  the  victim  more  than 
absolutely  necessary* 

4*  Loosen  dlothlngi  belt»  tlCi  top 
buttonSi  etc* 

5.  Keep  the  patient  wantu  Wrap  in  a 
blanket^  coat  or  similar  Covering*  Protect 
the  body  underneath  as  well  as  on  top* 

6«  Seek  qualified  medical  ald«  but  do 
not  leave  the  pattont  alone. 

7*  StlmUlantei  plain  water^  either 
hot  or  cddi  coffeei  milk*  or  tea  may  be 
given  ONLY  AFTER  THE  PATIENT  BA8 
REGAINED  CONSaOUSNESS  and  If  there 
will  be  a  delay  in  obtaining  medical  care« 
NEVER  GIVE  A  STIMULANT  TO  A  PA- 
TIENT  WBO  IS  UNCONSaOUS  OR  PARTLY 

coNsaous;  if  he  is  nauseated^  has 

INTERNAL  tNJURIE8|  OR  PROBABLY 
FACES  AN  EARLY  OPERATION  U  stimu* 
lants  are  given,  give  only  a  few  sips  at  flrst^ 
then  in  small  doses  and  at  such  Intervals 
that  he  does  not  vomit*  Stimulants  will  not 
usually  be  given  by  the  person  performing 
first  aid* 


CAUTION.  When  a  victim  is  NOT 
breathing^  the  act  of  administering 
artificial  respiration  Is  more  im- 
portant than  prevention  of  traumatic 
shock*  Treatment  fbr  preventing  shock 
can  be  given  by  someone  else  as 
artiflcal  respiration  Is  started  or  as 
it  Is  glvjan.  It  is  very  Important  to 
start  artificial  respiration  imme* 
dtatriv  when  breathing  stooa.  
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CARDIAC  ARREST 
CLOSED  HEART  MASSAGE 

It  Thlfl  precedur^  requires  fheaervlcetf 
ot  two  parBOM* 

IN  THE  EVENT  OF  CARDIAC  AR- 
REST (Absence  of  pulse),  CALL  A  PHYSI* 


ClAN  IMMEDIATELY,  PLACE  THE  PA- 
TIENT ON  A  HARD^  FLAT  SURFACE 
AND  APPLY  ABTIFICAL  RESPIRATION 
AND  THE  PROCEDURE  SHOWN  BBLOV^ 
FOR  CLOSED  HEART  MASSAGE* 


Procedure  lor  Person  #1: 

1.  Race  the  heel  of  one  hand  on  the 
lower  cheaFt  (see  Illustration)  vrlth  the  second 
hand  on  the  first. 

2.  Phytfamlcally  compress  the  heart  by 
exerting  your  a^^roxiinate  body  weight  on 
the  lower  chest. 

3.  Maintain  pressure  lor  1/2  second, 

4.  Release  pressure. 

5.  Repeat  at  a  rate  of  60-SO  per  minute* 

6*  CheaFt  shotad  not  move  more  than 
3*5  centimeters  when  pressure  Is  applied, 

7*  DO  NOT  exert  pressure  on  the  rib 
cage. 


Procedure  lor  Person  #2 

1.  Slmultaneou^y  apt^y  artUldal  res- 
piration. 


2.  Use  Mouth-to^Mouthf  Moutfa-to^Nbset 
or  other  rapidly  avallaUe  methods. 


3.   Apt^y  at  a  rate  of  12-20  per  minute. 


4*  Feel  lor  pulse  and  observe  the  pa- 
tient's pupUs.  If  drculatioa  Is  adequatet  a 
pulse  must  be  present  and  the  pupils  will 
constrict.  PupUa  will  dilate  with  Inadequate 
circulation. 
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ACQDENT  BEPORTINa 

Local  dlT«otlv«i  (Keetfl«r  Ctnttr  Sup- 
plement 1  to  AFS  127-1)  require  that  ANY 
and  ALL  ground  aGGld«ntf  be  reported  to 
the  equadron  or  unit  ground  eafety  repre- 
flentatlve  and  to  the  Center  Ground  Safety 
Office*  If  an  accident  la  daaslfled  as  "re- 
portable"! then  AP  Form  ''U*  "tISAF  Acd- 
dent/lnddent  Report"  and  711A  "Ground 
Accident  Report"  must  be  accomplished  and 
forwarded  to  the  Ground  Safety  Officer*  AF 
Manual  12?-2|  VUSAF  Acddeut^ddent 
Aeporting"i  defines  reportable  ground  acd- 
dents  and  gives  step-lv-step  guidance  In 
fUllng  out  the  required  torms*  Hie  basic 
regulation  to  be  used  fbr  all  acddent  report- 
ing is  A  F  Regulation  127-4  on  "Safety"* 


FIRES 

Fires  not  oiHy  cause  a  tremendous  mone- 
tary loss  to  the  govemmenti  but  also  result 
In  severe  Injuries  to  many  airmen  and  In 
some  cases  lossoflUetlnacommunlcatlGns- 
Eleetronlcs  facility  there  Is  always  the  pos- 
slbiU^  of  a  serious  fire  starting  by  a  short 
or  overload,  but  they  are  more  frequently 
caused  by  carelessness  or  failure  to  comply 
with  safe^  regulations* 

We  all  know  that  the  best  way  to  fight  a 
tire  Is  to  prevent  It  from  ever  starting*  How* 
ever,  all  personnel  should  know  how  to  put 
out  a  fire  If  one  should  start  "nils  section 
covers  fire  prevention^  the  four  dasses  of 
fires,  and  the  use  of  fire  extinguishers* 
Your  knowing  this  InfbrmatlGn  might  some 
day  save  your  life,  a  building  or  valuable 
Air  Force  equipment. 


Fire  Preventioa 

You  should  always  be'  alert  fbr  any  lire 
hazards  that  may  exist  within  your  section 
or  organi2atioa*  Fire  hazards  should  be 
eliminated  as  quiddy  as  possiblerif  you^^can 
not  eliminate  a  particular  flrebazard,  report 
It  to  your  immediate  supervisor  or  Ground 
Safety  Officer* 


A  fire  that  starts  in  electrical  equip- 
ment can  usually  be  stopped  by  merdy  turn- 
ing off  the  AC  power  supply  to  the  equip- 
ment* Since  eledrloal  equipment  is  largely 
constructed  of  metali  wlrlngi  and  small 
eledrloal  componentSi  the  ody  fuel  to  feed 
the  fire  would  be  Insulation  on  the  wiring 
or  electrical  components*  In  other  words*  a 
large  fire  In  electrical  equipment  is  not 
conunom  The  large  fire  10  usually  caused 
by  the  overheating  of  main  power  lines 
supplying  the  eledronlcs  equipment*  The 
overheating  of  the  power  lines  will  ignite 
the  building  structure  materials  or  flam- 
mable materials  nearbyj  and  then  the  large 
fire  starts* 

Fires  are  caused  by  many  other  con- 
tributing factors*  To  prevent  fires  you 
should  have  a  fire  safety  program  estab- 
lished and  periodically  Inspect  your  shop  or 
faculty  to  eliminate  fire  hazards  that  do 
exist*  Listed  below  are  some  important 
items  to  chedc  forin  the  prevention  of  flres« 
This  list  is  not  considered  complete  and 
inspections  should  not  tie  limited  to  these 
Items*  Your  local  conditions  wUl  determine 
the  type  of  fire  hazards  that  may  exist 
within  your  organization. 

ELECTRICAL  EQUIPMENT*  Check  aU 
electrical  equipment  for  the  following: 

1*   Poor  grounding  system« 

2*  Improper  size  fUses.  FVises 
should  have  the  ampere  and  voltage  rating 
specified  in  the  applicable  technical  order 
fbr  the  equipment, 

3*  FVise  boxes  not  maited  with  the 
proper  slxe  fuse  to  be  installed. 

4,   Defective  swlt^es  and  relays* 

5*  Worn  or  frayed  AC  power  cords 
and  Internal  wiring. 

6*   Broken  power  plugs  and  sodcets, 

 7,  -.Dlrtyi  ^oily,.^electric^motors„or 

generators. 

8*  Dusty  or  dirty  electronics  equip- 
ment In  general* 
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FUEL  AND  PAINT  STORAGE  AREA, 
Ch«ck  th«  fU0l  ftnd  main  storftgc  for 
tho  following! 

1,  Fufl  or  paint  eontalnera  not 
markfld  Indicating  ^Ir  prop«r  eontflnts, 

2,  ''NO  SMOKINQ''  SlgM  notpoat*! 

3,  Storage  building  for  fu«l  and  paint 
located  too  doee  to  the  other  taeUlty 
bulldlnge, 

4«  Flrd  control  equipment  not  avail* 
able  for  u«e  In  the  storage  area. 

5«  Fuel  or  paint  apUlage  within  the 
storage  area* 

e«  Containers  not  covered  or  sealed 
properly* 

7«  Other  materials  such  as  wood^ 
rags  or  paper  being  stored  In  the  tMiUdlng* 


FtBE  CONTROL  EQUIPMENT.  Cbetik 
all  fire  control  ecjutpment  for  the  following: 

L  Inadequate  ^e  and  number  of 
fire  extlngulidiers* 

2*  Fire  extinguishers  not  installed 
property  or  blocked  by  obstructiona* 

3«  Fire  extinguishers  not  Inspected 
and  recharged  at  proper  Intervals* 

4*  Improper  use  of  fire  buckets  and 
sand  palls*  (Sometimes  used  for  cigarette 
butts  and  paper). 

5*   Fire  extinguisher  seals  broilcen* 

6*  Fire  extinguisher  hoses  stopped 
upr  Or  otherwise  defective* 


BUILDING  HOUSEKEEPING*  Cbedcthe 
building  In  general  for  the  following: 

« 

1*  Trash  and  foreign  mateiials  In 
the  2rea* 


2,  nammahle  or  self«heating  ma* 
terlals  In  unauthorised  containers  or  stor- 
age closets, 

3,  Dead  grass  or  leaves  around  the 
buildings  and  yards, 

4,  Flammable  materials  stored  In 
the  attic  area  of  building, 

5,  Unauthorized  vraste  baidcets  or 
containers  being  used  (Should  be  metal,) 

6,  aean  And  dirty  rags  being  stored 
In  Improtier  containers,  (Should  be  metal 
and  covered) 

7,  Designated  non-smoking  areasnot 
posted  with  ''NO  SMOKINQ''  signs, 

8«  Insufficient  ash  trays  or  disposal 
cans  provided  for  smokers* 

g«  Fire  evacuation  plans  not  posted 
for  safe  evacuation  of  building* 

10*  Emergency  fire  reporting  pro- 
cedures not  posted^  such  as  phone  numbers 
and  building  numbers* 


HEATmO  FACtUnEa  Chetik  the  heat- 
ing unit  2rea  for  the  following: 

1*  Insufficient  clearance  to  comlnis- 
tlble  surroundings,  or  insufficient  Insulation 
and  Ventilation  for  heattng  unit. 

2*  Heattng  unit  dirty  or  dusty* 

3*  Heating  facility  room  area  dirty 
and  used  for  unauthorized  storage* 

4*  EHiel  not  stored  or  handled 
property* 

S,   Leaking  ftial  line  in  system* 


EMEBGENCY  POWER  FAOLITY*  Chedfc 
the  emergency  power  unit  facility  for  the 
following  deildencles: 

1*   ''NO  SUOKING''  signs  notpostel 
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3.   ruffl  Unai  to  powir  unlti  Uftldnc. 

3,  Qnue  ud  oU  contalntra  not 
property  nutrlud  uid  covtnd, 

4,  QnaM  ud  oil  on  the  floori. 

5,  Qetui  And  dirty  ragi  itored  In 
Improper  cootalneri* 

6,  Improper  groundlnc  system  for 
generator  unlta. 

7,  Blaln  Mae  boxes  not  marked  lndl-> 
eating  proper  else  of  Maes  to  use. 

6.  Improper  size  ftiaes  being  uaed, 

9,  Switch  boxes  not  marked  properly 
Indicating  their  control. 

10.  Drip  pane  not  Inatalled  under 
power  iinlta  to  prevent  flammable  U<iulda 
from  spreading  on  the  power  building  floor. 

11.  Drip  pans  are  not  cleaned  aa 
req[uired. 


13.  Exhaust  pllM  for  power  unit  sn« 
glne  not  Insulated  properly  from  buUdlng 
structure. 

13*  AC  wiring  ftom  generators  not 
Inatalled  according  to  good  Installation 
practlcea.  Look  for  Improper  size  Nvlre» 
coniMCtorai  under-rated  swltdiesi  and  worn 
wiring. 


CUsses  of  Fires 

Before  claaslfylng  flreai  let'us  find  out 
what  makes  a  fire  bum.  To  protkice  a  flrsi 
three  things  must  be  present  at  the  aame 
time;  ftiel^  heat,  and  oiygen.  If  any  one 
of  the  three  la  removed^  the  fire  wlU  be 
extinguished.  Fire  extinguishers  normally 
remove  the  heat  (cocking  effect)  or  remove 
the  oxygen  (smothering  eicfect). 

Fires  are  placed  IntoJIbur  classifications 
to  aid  In  the  aelectloh  of  the  proper  Are 
extlngulaher. 

CLASS  A.  Burning  wood,  paper*  and 
rags  are  examples.  The  codling  effect  of 
water  Is  often  used  for  these  flrea«  See 
figure  1-20* 


Figure  1-21,   Oil  Fires  and  Recommended  Extinguisher 


CLASS  B,  Burning  gasoline,  oU,  sol- 
vents, and  grease  are  examples.  Water 
cannot  be  used  for  these  Ures.  Water  would 
only  spread  the  Ure.  Tlie  smothering  effect 
Is  used  to  eliminate  oxygen  to  extinguish 
this  type  <rf  fire.  See  figure  1-21. 

CLASS  C*  Electrical  fires  are  typical 
of  this  dass.  Water  must  not  be  used*  Tlie 
extinguishing  agent  must  be  a  nonconductor 
of  electricity.  Ihe  smothering  effect  Is 
normally  used  to  extinguish  this  type  of  fire. 
See  figure  1*22. 

CLASS  D.  Burning  metals  such  as 
magnesium,  zinc,  sodium,  and  titanium  are 
examples.  Diy-powder  extinguishers  are 
used  for  this  dass.  The  smothering  effect 
is  used  to  extinguish  this  type  of  fir®- 


Figure  1-22.   Electrical  Fire  and 
Recommended  Extinguisher 


Fire  Control 

Know  your  fire  extinguishers,  where  they 
are  located^  which  one  to  use,  and  how  to 
use  them*  The  following  types  are  usually 
available  in  the  housing,  or. maintenance 
areas. 

1.  WATER.  Basically  tap  water.  It 
is  used  for  dass  A  lires.  It  uses  the  cool* 
ing  effect.  It  Is  not  to  be  used  on  electrical 
fires. 

2.  SODA-ACIIX  Sodium  bicarbonate 
solution*  Class  A  fires.  Uses  codling  effect. 
Do  not  use  on  electrical  fires. 

3.  002.  CABBON  DIOXIDE  GAa 
Qass  B  and  C  fires.  Uses  smotherlngeffect. 
Commonly  used  on  gasoline,  oil,  grease,  and 
electrical  fires. 

4.  DRY  CHEMICAL.  May  use  so- 
dium Mcarbooate  or  potassium  bicarbonate 
powder.  Qass  B  and  C  fires.  Uses  smother* 
Ing  effect. 

5.  DRY  POWDER  A  special  com- 
pound <d  sodium  chloride  or  graphite  mate- 
rials. Used  for  dass  D  fires.  May  be  applied 
from  extinguisher  or  applied  with  a  shovel 
to  smother  the  burning  metal. 

Your  local  fire  departmentwill determine 
the  proper  types  of  fire  extinguishers  for 
your  flcllity  or  shop*  Itisyour  responsibility 
to  know  how  to  use  these  extinguishers. 
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The  operating  inetruotlone  for  extln« 
guliheri  are  printed  on  the  extlngulBher* 
Learn  how  toue  the  extlnguUher  before* 
hand,  Flcure  1*23  ehowi  how  to  extlngulih  a 
typical  fire.  Direct  the  agent  to  the  baee  of 
the  flame* 

Be  iure  to  notlfjr  the  fire  department  If 
an  extlnguleher  Is  used  eothey  can  be  sure 
the  tire  is  extinguished  and  can  recharge 
or  replace  the  extlnguleher.  Do  not  lue  a 
tire  extinguisher  for  anything  except  to 
control  a  tire* 

TOXIC  FUMES  AND  OAS£S 

Tdsdc  tumes  are  polaonous  vapors  or 
gases  generated  from  a  liquid  or  aoUd 
form.  A  gas  Is  an  alr^Ilke  fluid  without  a 
definite  limit  or  form. 

Cases  and  vapors  are  dasslfled  accords 
Ing  to  their  pbyelciloglcal  effects.  The  main 
groups  <tf  gases  and  vapors  are  discussed 
In  the  following  paragraphs. 


Aspbysdanta 

Simple  asphyxiants  are  gases  or  vapors 
which  cause  a  loss  of  consciousness  as  a 
resxdt  of  too  uttle  oxygen  and  too  much 
carbon  dioxide  In  the  blood*  This  comes  as  a 


result  >  of  the  gases  or  vapors  replacing 
oxygen  In  air*  Some  examples  of  such  gases 
are  methanep  carbon  dioxide*  carbon  monox- 
Ide^  and  hydrogen,  whleh  replace  oxygen  In 
the  air. 

Methane  Is  a  colorlessp  odorless^  In* 
flammable  gas  and  is  present  In  natural 
gas*  It  Is  used  as  a  fuel  for  heating  and 
Illumination*  A  repairman  should  pay  strict 
attention  to  all  warning  slgnsp  and  use  the 
correct  procedure  for  lighting  ovensp  beat- 
erst  stovest  or  any  device  using  methane 
for  fuel  or  lighting* 

Carbon  dioxide  1^  ^  cdlorlesst  odorless 
gas  somewhat  heavier  than  air*  It  passes 
out  of  the  lungs  In  respiration  and  controls 
rate  of  breathing*  As  Uttle  as  10%  con 
cause  death*  Oxygen  should  be  sufficient 
to  replace  the  carbon  dioxide  at  all  times. 
Pnq>er  ventilation  while  working  In  aircraft 
and  dosed  shops  Is  a  protection  against 
caibon  dioxide* 

Carbon  monoxide  Is  a  cdorlesSt  odor^ 
lesSp  poisonous  gas.  It  Is  formed  when  a 
fire  bums  with  an  Insumdent  siq>ply  of  air* 
It  is  a  chemical  asphyxiant  which  comUnes 
^Ith  the  bemoglotdn  In  the  blood  and  pre- 
venls  oxygen  from  reaching  the  boc^r  tissues. 
Carbon  monoxide  is  deadly*  Symptoms  In* 
dude  dizziness^  headaches^  nausea*  redness 
of  skin*  coma^  and  dlificult  breathing. 


Figure  1-23.    Direct  Agent  to  Base  of  Flame 
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Hydrogen  IB  a  colorless,  odorless  gaS- 
seous  chemical  element.  It  is  the  Uifhtest 
of  all  diemical  elements  and  Is  explosive 
and  inflammable.  Repairman  shouldbe  aware 
of  hydrogen  gases  In  storage  battery  rooms 
and  aircraft  battery  compartments.  No  smok- 
ing andconstant  temperature  are  precatlonary 
measures. 


uses  Is  as  ft  cleaning  agent*  since  It  dlsolves 
rust.  Hydrochloric  acid  causes  irritation  of 
the  mucous  membranes  (the  moist  glandular 
lining  of  certain  cavities  and  canals  of  the 
nose).  Repairman  can  avoid  hydrochloric 
fumes  by  having  open  air  ventilation  while 
cleaning  equipment  and  parts  in  dosedstiops 
or  aircraft. 


Irritants 

Irritant  gases  and  vapors  cause  irritation 
or  Inflammation  of  the  body  internally  or 
externally.  These  gases  and  vapors  cause 
internal  compllcatlonai  sudi  as  lung  infec- 
tion and  infection  of  the  vein  that  conveys 
blood  from  the  lungs  to  the  heart.  The  ex- 
ternal complications  are  skin  irritations. 

Some  of  the  most  common  types  of  irri- 
tant gases  and  vapors  are  produced  by 
ammonia*  chlorine^  and  hydrochloric  acid. 

Ammonia  causes  irritation  ofthe  eyes  and 
respiratory  passages*  coughing,  and  burning 
of  the  skin.  Repairman  may  encounter  am- 
monia while  working  on  large  alr^conditloner 
units  and  large  refrigeration  units  and  using 
cleaning  substances  which  contain  ammonia* 
Open  air  ventilation  is  the  beat  safety 
precaution* 

Chlorine  is  a  heavy*  greenlsdi-yeUow 
poisonous  gas  with  a  suffocating  odor.  It  is 
soluble  in  v;ater  and  is  used  as  a  germi- 
cide bleaching  agent*  purifier  of  water  for 
swimming  pools^  and  as  a  l^is  for  military 
pf^son  gas.  When  marketed  in  a  liquid  form 
it  is  stored  in  a  steel  cylinder^  Whence  it 
escapes  as  a  gas  on  releasing  pressure. 
Chlorine  is  found  in  other  chemical  solu- 
tions used  for  cleaning.  Repairman  should 
maintain  open  air  ventilation  when  woridng 
in  aircraft  and  dosed  shops  in  orderto avoid 
the  danger  of  chlorine  gases  and  vapors 
while  cleaning  equipment*  floors^  and  parts. 
Special  hand  and  body  protection  dothin; 
should  be  worn  in  order  to  avoid  skin  irrita- 
tions and  bums. 

Hydrochloric  add  is  a  colorless^  pun- 
gent smelling^  poisonous  liquid.  It  is  ex- 
tremely sduble  in  wter.  One  ofitsprlnc^de 


Anesthetics 

Anesthetic  gases  and  vapors  have  a  nar- 
cotic or  drug-like  effect  that  causes  partial 
or  complete  loss  of  sensation.  This  can 
cause  a  malfunction  at  the  central  nervous 
system.  A  malfunction  of  the  central  nervous 
can  cause  respiratory  failure.  Practically 
all  narcotic  gases  and  vapors  belong  to  the 
hydrocarbon  series.  Some  ot  the  most  com** 
mon  types  are  methyl  alcohol^  propanej  and 
carbon  tetrachloride. 

Methyl  alcobd  causes  an  acute  dizziness^ 
stupor^  cramps^  digestive  disturt»ances*  di- 
lated pupils^  and  blue  Ups.  It  also  causes 
depression^  tremors^  anc  dirodc  poisoning. 
Repairman  working  around  aircraft  and  ve- 
hicles should  tate  all  precautionary  meas- 
ures to  avoid  the  danger  ot  methyl  alcohol. 
Methyl  alcohol  is  used  in  anti-freeze 
solutions. 

Propane  is  a  hydrocart>on  gas  of  the 
methane  series*  It  is  used  as  a  fuel  for 
some  vebides  and  small  hand-held  torches. 
It  is  toxic  and  protihices  narcosis.  Because 
it  is  highly  flamahle^  you  should  use  only 
the  correct  procedure  for  any  device  using 
this  gas. 

Carbon  tetradilorlde  is  a  non'ftammabte 
liquid  which  causes  acute  headaches*  nausea^ 
vomiting*  Ailllng  of  senses*  permanent  liver 
damage*  and  loss  of  consciousness.  Repair- 
men might  encounter  this  substance  in  dean- 
ing  solvents.  Open  air  v«>ntilatlon  is  required 
when  this  substance  is  used.  Anesthetic 
gases  and  vapors  are  common  in  deaning 
sdutlonsi  therefore*  repairmen  should  take 
necessary  precautions. 
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CATHODE  RAY  TUBES 

Bxtremt  oauUon  should  be  exerolMd  tay 
the  ttchnlclan  vhen  bandUng  oathodo«ray 
tub6i.  Tbt  ClaJs  envelopt  antloaes  a  high 
vacuumt  ^  beeaUM  Ql  itB  large  iurfaee 
inai  It  lA  aubject  to  coiuilderable  force. 

To  avoid  Mriotui  InjuiVt  adequate  pre- 
eauUoiui  should  be  taken  at  all  times  to 
minimize  the  danger  of  breaking  the  glass 
envelope^  Avoid  aeratchingi  atrUdngt  or 
using  excessive  force  ^ea  handling  the  tube 
or  vhen  placing  It  In  Its  deflectlag  yoke  or 
socket.  Never  hold  the  tube  by  Its  narrow 
neck.  When  setting  the  tube  down,  always 
stand  It  on  Its  face  on  a  thick  piece  of  felt 
If  available* 

Jn  addition  to  the  danger  of  Implosion 
due  to  breakagei  rough  handling  may  also 
cause  displacement  of  the  electrodes  within 
the  tube.  Before  a  CBT  Is  dtscarded*  the 
tube  should  be  rendered  harmless  by  break- 
ing the  vacuum  seaL  This  can  be  safely 
done  as  follows: 

1.  Race  defective  tubes*  face  down, 
in  an  empty  CRT  carton. 

2.  CareftHIy  break  ott  locating  pin 
from  tube  base*  See  figure  1-24. 

3.  With  a  small  screwdriver  or 
prol>et  break  off  tip  of  the  glass  vacuum  seal* 


WARNINO.  The  chemical  phosphor 
with  which  the  fkkce  of  the  CJRT  Is 
coated  may  be  tone.  When  disposing 
of  a  broken  tube,  be  careful  not  to 
get  ai^  of  this  compound  on  hands  or 


If  you  receive  a  cut  from  the  glass  of  a 
broken  CRT  tube,  wash  the  cut  with  soap  and 
water.  If  other  Injuries  are  received  the 
necessaiy  first* aid  will  be  applied.  Ilie 
person  should  be  taken  to  the  hospital  as 
soon  as  possible  to  receive  the  necessary 
treatment.  The  hospital  should  be  Informed 
that  the  tube  contained  a  chemical  phosi^hor. 


RADIOACTIVITY 

lypes  of  Radiation 

We  are  all  familiar  with  the  term  radia- 
tion. A  loud  speaker  radiates  sound  waves 
which  are  no  more  than  compressions  of 
the  air  surrounding  the  speaker  and  are  re* 
ferred  to  as  sound  waves.  A  radio  antenna 
radiates  radio  frequency  waves  which  are 
electromagnetic  in  nature.  Electromagnetic 
radiation  covers  a  frequency  range  from  the 
lower  audio  frequencies  up  through  cosmic 
rays.  The  cosmic  rays  indude  electron  and 
heavy  particle  showers  from  space.  There 
are  several  types  of  electromagnetic  radia- 
tions which  vrill  cause  serious  li^ry  If 


LocaUngPin 


N«cJc  of  CRT 


QlZBm  Vacimin  Stfll 


Figure  1*24.   Construction  of  a  Cafbode^Ray  Tube  Base 
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per^ionnel  uro  exposed  In  oxcesa  of  recom* 
mended  leveU*  The  types  of  radiation  most 
often  encountered  ai^e  aa  follows: 

MIcnoWAVES  -  3000  megahertz  toabout 
3  milUon  megahertz* 

X-RAYS  -  50  billion  megahertz  to 
about  lOOtrtillon  mega- 
hertz* 


RadloacUve  Substancea 

Unleifl  they  are  present  In  very  large 
quantities,  alpha  and  beta  radiation  present 
primarily  an  internal  hazard  These  partU 
cles  may  be  inhaled.  Ingested,  or  absorbed 
Into  the  body  where  they  will  cause  dam- 
age to  various  organs,  which  can  ultimately 
result  In  disease  and  death*  Alpha  parildea 
are  not  able  to  penetrate  unbroken  sldn. 
Beta  parildes  will  penetrate  about  a  third 
of  an  Inch  of  tissue* 


ALPHA 
PARTICLES 


BETA 
PARTICLES 


Positive  charged  paril- 
des released  by  split- 
ting the  atom* 

Negative  charged  parti- 
cles released  ty  split- 
ting the  atom* 


The  types  of  radiation  described  above 
are  all  high  energy  radiation  and  con  cause 
some  adverse  effect  on  living  cells  and 
living  tissue*  The  exact  amount  of  damage 
Is  dependent  on  the  form  of  radiation  and  the 
degree  of  exposure* 


Sources  of  Radiation 

Air  Force  personnel  may  encounter 
radiation  produced  by  many  sources  on  an 
Installation  -  In  reactors,  particle  accelera- 
tors, radioactive  Isotopes  (liquids  and  solids), 
diagnostic  and  therapeutic  X-ray  machines. 
X-ray  machines  used  for_lndustrial  radio- 
graphy, radloactiw^  sourcesusedforlrradla'- 
tlon  of  other  materials,  electronic  tubes  of 
certain  types.  Irradiated  electronic  equip- 
ment, and  all  forms  of  radioactive  wastes* 
Any  material  can  be  irradiated  In  a  nuclear 
reactor  and  made  radioactive*  Therefore,  It 
t>ecomes  Imporiant  for  personnel  to  become 
familiar  with  all  sources  subject  to  giving 
off  radiation^  if  they  are  to  guard  ade<iuately 
against  exposure  to  radioactive  materials* 
Another  means  of  determining  If  radioactive 
substances  are  Invtdvedistocheckthe  source 
with  a  radiation  survey  meter,  orto  see  If  the 
source  Is clearlymarkedwlthstandard radia- 
tion signs  and  symbols* 


Preventive  Measures  and  Handling 

In  order  to  adequately  protect  personnel 
from  radioactive  material,  it  Is  necessary 
to  guard  against  contamination  of  the  per- 
son's clothing,  and  surrounding  equipment 
and  materials*  Safeguards  against  radio- 
active contamination  are  similar  to  those 
used  against  any  toxic  gas  or  dust.  Ade- 
quate protective  clothing,  hoods,  respira- 
tors, gloves,  boots,  and  other  equipment 
should  be  worn  when  worldng  with  or  near 
radioactive  materials  or  contaminated  equip- 
ment* The  object  of  protective  clothing  is 
not  to  cut  down  the  radiation  coming  from 
outside  the  body,  but  rather  to  keep  radio- 
active dlri  or  dust  from  being  deposited  on 
the  personal  clothing  of  workmen  where  It 
might  be  unknowingly  spread  to  clean  areas 
and  subsequently  find  Its  way  Into  the  boc^* 
Personnel  constantly  exposed  to  radiation 
should  be  carefiilly  monitored  by  the  Base 
Surgeon*  For  positive  radiation  IdentUica- 
tlon  and  safety,  all  personnel  who  are 
routinely  exposed  to  radiation  should  wear 
film  badges*  This  badge  should  be  worn  on 
the  outside  of  clothing,  l«e*,  clipped  to  the 
collar,  breast  pocket,  shlri  opening,  or 
belt.  The  type  of  dosimeter  used  will  be 
determined  by  the  nature  and  Intensity  of 
the  radiation  to  which  personnel  will  be 
exposed. 

AFM  32-3,  "Accident  Prevention  Hand- 
book" lists  the  fOUoMng  precautionary 
procedures  to  be  fdllowed  by  all  personnel 
exposed  to  radioactive  aircraft* 

A  thorough  medical  examination  vlU  be 
given  before  exposure  and  as  often  as  neces- 
sary thereafter* 
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Proper  ioftfty  InatnicUona  will  be  gclven 
by  the  baM  Mfdlcal  Servlct  h^ton  mainte- 
nance perioniul  begin  operatloM  on  con^ 
tamlnated  aircraft* 

Protective  clothing  and  a  badge  or  dosi- 
meter will  be  worn  at  all  times  during 
exposure* 

Personnel  working  In  a  contaminated 
area  wlU  not  smoke;  dat,  or  chew  gum. 

Hands  and  (ace  will  be  washed  afterwork- 
Ing  on  contaminated  aircraft  and  before  eat«- 
Ing  an<l/or  smoking* 

Personal  articles  such  as  watches  and 
rings  will  not  be  worn'  while  working  in  a 
contaminated  area  or  on  an  exposed  aircraft 

Maintenance  personnel  who  have  l>een  ex- 
posed to  radiation  wUl  not  handle  telephones, 
reports,  or  other  articles  while  wearing 
protective  gloves^ 

When  an  -aircraft  is  suspected  of  being 
contaminated,  it  will  t>e  taxied  away  from 
hangarSj  traffic,  equ4)ment,  and  other  alr^ 
craft  after  landing*  The  aircraft  will  then 
be  monitored  to  determine  the  extent  of  con- 
tamination and  marked  with  AFTO  Form  9, 
showing  the  standard  radlatlpn  hazard  warn- 
ing emblem*  The  aircrew,  their  personal 
iMlonglngSt  and  clothing  will  also  be  monl^ 
tored  and  processed  as  directed  by  assigned 
monltortng  personnel* 

Care  should  be  exercised  in  the  handling 
of  containers  used  to  store  or  transport 
nuclear  or  radioactive  matertals*  If  such 
containers  l>ecome  damaged,  the  containers 
an<l/or  radloactively  contaminated  items 
should  t>e  monitored  by  attending  radiological 
personnel*  The  immediate  area  should  be 
monitored  and  decontaminated,  If  necessary* 

As  determined  necessary  by  the  Base 
Medical  Service,  a  change  house  should  l>e 
set  up  In  which  personnel  Involved  In  the 
processing  of  radfoactlvely  contaminated 
material  will  wash  or  bathe.  If  necessary, 
and  change  dothes.  The  change  station  may 
consist  of  existing  restroom  facilities  and 


should  be  designated  and  posted  to  indicate  a 
"dean-lodcer  area"j,  '^a  watfh-up  an<l/or 
shower  facility",  and  a  "contaminated"  area 
for  removing  contaminated  clothing* 

Adherence  to  good  personal  hygiene  prac- 
tices (such  as  washing  of  hands  and  face 
before  eating  or  smoking)  Is  mandatory* 


First  Aid 

All  Injurtes  occurring  durtng  decontami- 
nation operations  or  during  ttie  handling  or 
reworking  of  contaminated  matertal  should 
l>e  reported  to  the  monitor  Immediately* 
The  monitor  will  l>e*  responsible  for  Inform* 
Ing  Base  Medical  Service  of  such  accidents 
immediately  so  that  proper  treatment  may 
be  given* 


MICROWAVE  RADIATION 

Cbaractertstlcs  and  Effects 

Badlant  energy  is  proAiced  by  ttie  con- 
version of  matter  from  one  fonn  to  another 
and  results  In  a  wave  motion  charactertzed 
by  its  frequency*  The  term  "microwave" 
applies  to  the  range  of  frequencies  ranging 
from  about  three  hundred  megacycles  per 
second  to  around  3  million  megacycles  per 
second*  This  frequency  band  was  tremen- 
dously developed  durtng  World  War  II,  and 
this  development  continues  to  l>e  carrted 
forward  with  expanding  energy*  The  low 
frequency  portion  has  now  entered  Into  the 
more  or  less  standard  radio  and  communica* 
tions  techn<dogy|  while  the  very  highest  fre* 
quency  porttons  are  In  the  experimental 
stage* 

New  developments  in  technology  have 
brought  about  higher  power  radar  with  fre* 
quendes  In  the  microwave  band*  A  repair- 
man is .  subject  to  encounter  microwave 
radar  at  one  time  or  another*  Therefore,  it 
is  necessary  for  him  to  know  some  of  ttie 
effects,  precautions,  and  limitations  of 
microwave  radiation.  Electromagnetic  radia* 
tion  (microwave  radlatloo)  from  modem  air-* 
borne  and  ground  equipment  may  have  a 
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detrimental  affoct  on  the  human  hoAf*  TMs 
fact  need  not  be  alarming  it  personnel  look 
at  the  problem  flquarely  and  Intelligently* 
Man  can  handle  radiation  aa  he  ha0  handled 
fire  •*  with  caution  and  common  sense. 


The  biological  effect  of  microwave  radia- 
tion has  recently  become  a  matterof  Interest 
and  concern  to  personnel  who  come  In  con-* 
tact  with  modem  electronic  equipment*  Ex- 
posure of  the  human  botl^  to  strong  sources 
of  microwave  radiation  Is  a  subject  ^ch 
has  been  under  Investigation  for  a  number 
of  years*  As  far  back  as  1S49  when  radar 
devices  first  came  Into  widespread  use* 
studies  were  made  to  determine  it  any 
biological  damage  could  be  produced  by  ex- 
posure to  microwave  radiation  from  radar 
equipment.  The  results  were  negative*  How- 
ever^  more  recent  Investigations  have  shown 
that  sources  of  power  from  radar  devices 
have  been  developed  within  the  last  few 
years  which  are  capable  of  producing 
rauiaujD  ot  sufficient  Intensity  to  cause 
damage  to  human  tissue.  High  Intensity 
radar  devices  have  been  Incorporated  and 
are  used  today  In  airplanes  and  ground 
Installations  used  for  the  defense  ot 
America*  Far  East*  and  Eastern  Europe. 


In  some  respects  a  comparisoD  can  t>e 
drawn  twtween  microwave  radiation  andflre* 
because  both  are  capable  of  turning  the 
human  body»  The  first  time  man  experi- 
mented vdth  fire  and  determined  that  It 
could  harm  hlm^  he  learned  to  avoid  all 
contact  with  flame  and  incandescent  sub* 
stances.  Now  that  man  Is  confronted  with  a 
new  kind  of  flre^  microwave  radiation,  he 
must  again  learn  to  protect  himself.  How- 
ever^  man  finds  hlmsdi  at  a  disadvantage 
In  attempting  to  protect  himself  against 
microwave  radiation  twcause  It  is  difficult 
for  him  to  <tetect  Its  presence*  Radiation 
cannot  t>e  seen,  therefore «  a  repairman 
must  rely  on  his  sense  of  feel*  or  better^ 
his  knowledge  as  to  exactly  what  microwave 
radiation  is  where  It  comes  from^  how  It 
harms*  and  how  close  he  can  come  to  It 
before  he  gets  ljumed. 


Thers  are  two  types  of  radiation  pro- 
duced by  eloctronlo  equipment,  microwave 
and  X^ray*  At  this  time,  only  microwave 
radiation  will  be  discussed.  Electromagnetic 
radiation  emitted  by  radar  antennas*  is 
called  microwave  radiation  or  more  simply* 
microwave*  As  mentioned  In  the  early  part 
of  this  section;  microwaves  are  classified 
In  a  Imid  -  just  al>ove  radio  waves  In  the 
electromagnetic  spectrum. 

Radiation  can  either  be  absorbed  or  re- 
flected by  an  object  in  the  direct  path  erf  a 
microwave  beam.  The  total  amount  erf  radia- 
tion absored  or  reflected  depends  on  the 
types  of  material  being  used  and  the  fre- 
quency and  power  intensity  erf  the  microwave 
beam.  Microwaves  from  modem  radar  units 
reach  power  intensities  which  may  produce 
some  startling  effects.  For  example*  under 
certain  circumstances*  diy  steel  wocd  can 
be  ignited  by  a  radar  twam*  and  photo- 
flash  bulbs  have  twen  set  off  at  distances 
up  to  350  feet.  Ad  electric  potential  can 
build  up  twtween  two  metal  particles  and 
cause  an  arc.  The  arc  niay  Ignite  fUel 
vapors. 

Microwaves  produce  localized  heating 
when  they  are  al>sorbed  by  matter.  This 
heating  effect  can  cause  bl<Aoglcal  damage 
to  the  human  bo<fy  if  excessive  amounts  of 
radiation  are  absortwd.  The  amount  of  tem- 
perature rise  in  the  boc^  is  related  to  the 
power  intensity  and  frequency  erf  radiation* 
The  human  eye  is  especially  susceptible 
to  selective  heating  (microwave  radiation). 
Most  parts  of  the  bod^^  send  a  warning  to 
the  brain  In  the  form  erf  pain  before  enough 
heat  is  absorbed  to  cause  biological  damage. 
The  internal  eye  is  less  sensitive  than  other 
parts  of  the  body  and  is  capatde  of  absorbing 
more  heat  before  pain  is  felt. 

The  depths  to  which  raittatloD  can  pene- 
trate the  human  bod^^  is  largely  dependent 
on  the  frequency  of  the  mlcorwaves  them- 
selves* and  the  absorptive  properties  of 
human  tissue*  (See  figure  1-25.)  When  radia- 
tion is  absorbed  in  any  erf  the  layers*  heat 
is  produced.  However*  the  skin  layer  con^ 
tains  most  of  the  bock's  sensory  elements* 
and  If  it  is  this  layer  which  Is  absorbing 
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Figure  1-25 


the  Buevgyt  there  Is  little  danger  of  over 
exposure  because  u  over  beating  warning 
la  Immediately  sent  to  the  brain.  E:qioslttg 
the  body  to  microwave  radiation  In  the  fre- 
quency range  above^  3000  megacycles  is 
somewhat  similar  to  an  exposure  to  sun- 
light or  infrared  light. 


Preventive  Measures 

The  most  important  thing  to  consider 
when  determining  the  necessary  safety  pre- 
cuationa  to  be  taken  v4i«n  working  near 
microwave  radar  equipment  is  that  the 
energy  level,  or  power  density*  measured 
In  w^a  per  square  centimeter,  la  high  at 
the  source  of  emission  (the  antenna)  and 
dlminiahea  m  the  distance  from  the  aource 
Increases.  At  a  given  distance  from  a  trans- 
mitting radar  antenna,  power  densities  are 
much  higher  in  the  beam  of  a  stationary 
antenna  than  they  are  vrtien  tiie  antenna  la 


acannlng.  Also^  different  classes  of  radar 
sets  produce  different  power  densities  ^t 
given  distances  from  their  antennas. 

1.  Do  not  make  a  close  visual  i^* 
fltpectlon  of  any  microwave  radiator,  re- 
flector, waveguide  opening,  or  waveguide 
iKirn  during  periods  of  transmission. 

2.  Oo  not  make  si  dose  visual  in- 
spection of  an  (derating  klystron  except 
through  a  leaded  glass  window  or  by  remote 
viewing. 

3.  Absorbent  screenlngmaterialsuch 
as  <^my  loads  or  water  loads  should  be 
provided  to  contain  the  primary  beam  of  a 
microwave  radiator  whenever  possible. 

4.  The  number  of  personnel  where 
radar  components  are  being  tested  should 
be  limited  to  the  number  reqjuired  to  accom- 
plish a  given  test. 
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ft.  Somfl  fiCM  antennaa  on  alrpUMJi 
are  capable  of  tranBtnlUlns  freqtiflticioi 
below  1000  megacyclei.  Porjttonnel  iticuldi 
Uieretorei  be  aware  that  a  tranamltUng 
ECM  antenna,  depending  on  ita  frequencyi 
wlU  not  always  indicate  ita  radiation  l«vel 
by  affecting  the  jiensory  elements  of  the 
skin. 


First  Aid 

At  this  time  there  is  no  Immediate  first 
aid  except  that  U  a  person  Is  staiullng  close 
to  operating  radar  antennas  he  wtU  be  able 
to  feel  the  heat  generated  In  the  skin  layer 
of  the  exposed  portion  of  the  body.  This  Is 
the  body^s  warning  signal  and  the  person 
should  move  away  from  the  antenna. 


X-RAYS 


Sources 


Hlgh.*power  radar  and  communications 
equipment  have  created  new  radiation  baz* 
ards.  Modern  electron  tubeSi  such  as  high- 
power  klystronSi  magnetrons,  ttayrmtronsi 
cathode-ray  tubeSj  and  high-voltage  rectl- 
flerSp  when  operated  with  electric  poten- 
tials In  excess  of  16  kv,  may  generate 
X-rays.  These  rays  may  enianate  ftom  the 
tube  U  satisfactory  shielding  Is  not  pro- 
vided. The  ability  of  X-rays  to  penetrate 
solid  matter  and  modUyr  damage^  anddes* 
troy  living  tissue  not  only  makes  this  energy 
useful  for  medical  treatmentSi  but  also 
makes  It  a  hazard  when  not  controlled* 


Effects 

All  X-rays,  except  those  of  very  low 
energy,  wtU  penetrate  buman  tissue  aiul 
form  positive  and  negative  ions.  These  Ions 
will  cause  tissue  damage,  wtdeh  may  l>e 
either  temporary  or  permanent.  Unless  the 
dosage  ts  extremely  high,  there  wtU  be  no 
noticeable  effects  for  days*  weeks*  or*  In 
some  casesi  years  after  the  e^qrasure.  This 
delay  In  effect  Is  no  doubt  the  most  Im* 
portant  reason  for  cases  of  overdose  of 


X-raySi  since  by  the  time  the  symptoms  are 
evident  the  damage  has  been  done.  Some  of 
the  known  effects  of  overexposure  to  X-rays 
are: 

1.  An  increase  In  the  number  of 
whits  blood  cells  (leukemia)i  a  decrease  In 
the  number  of  white  blood  cells  (leuc(^enia)r 
Increased  blood  clotting  time*  and  anemia. 
These  effects  oa  the  blood  lower  the  resis- 
tance of  the  body  to  bacteria,  wblch  Is  a 
secondary  hazard  to  overe^osure. 

2.  Bone  damage.  Most  of  the  dam- 
age is  to  the  marrowp  which  produces  the 
blood  csUSp  but  the  bones  themselves  are 
sometimes  damaged. 

3.  Skin  cancer,  Skin  Inflammationi 
and  loss  of  hair.  A  reddening  of  the  skin  Is 
one  of  the  first  symptoms  of  overexposure. 

4.  Mutations.  These  may  not  appear 
until  the  second  or  third  generation. 

5.  Ulcers. 

6.  Sterility. 

7.  Cataracts. 


Protection 

When  working  with  high-voltage  electron 
tubes  capable  of  producing  X-rayS|  you 
should  niake  certain  that  the  radiation  has 
been  checked  at  all  possible  points  of  emls- 
slOQ.  Under  normal  operating  condltionsp 
^ere  wtU  probably  be  proper  lOileldlng  for 
tbese  tttbasi  but  you  should  be  aware  of  the 
possible  Increase  In  radlatiOQ  under  unusual 
conditions.  Areas  eiqposed  to  radiation 
should  be  checked  to  determine  the  radia- 
tion strengtli  and.  If  necessary  to  set  some 
time  limits  for  workers  In  the  area*  The 
recommended  maximum  Intensity  levels  In 
controlled  radlaticm  areas  Is  100  nilUI- 
roentgens  per  week  or  2.5  milliroentgens 
per  hour.  Although  these  limits  are  con- 
sidered safe*  you  should  noi  sublsct  your- 
self to  any  more  exposure  than  necessary. 


t  * 
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Film  badgfi  or  pock«t  mettri  ihould 
tM  worn  In  all  radiation  areoi*  Tbli  typt  of 
dotactor  should  be  uiiad  with  tbf  undaritand^ 
Ing  that  radiation  may  bi  concfotratad  on 
MtM  portion  of  your  body  irtwra  tba  df« 
tector  U  not  carried*  Several  typaa  of 
portable  devices  are  available  for  monitoring 
or  meaeurlng  radiation;  these  Include  Ioni- 
zation chambers^  proportional  counters^ 
Gelger.Meuller  counters^  scintillation  de* 
tectorsp  and  electroscopes*  An  instrument 
^th  a  separate  prctie  Is  useful  for  checldng 
blgh.voltage  tubes,  particularly  when  areas 
of  restricted  size  must  be  readied. 


RADIOACTIVE  TUBES 

'  General 

Electron  tubes  containing  radioactive 
material  are  now  commonly  used  in  radar 
equipment.  These  tubes  are  known  as  tr, 
atr,  spark-gap,  glow-lamp,  and  cold*cathode 
tubes.  Radioactive  material  Is  Intentionally 
added  to  these  tubes  to  produce  a  continuous 
supply  ol  Ionized 'particles*  TUs  ensures 
that  the  gas  within  the  bibe  will  always 
Ionize  at  the  same  voltage.  The  principal 
radioactive  materials  contained  in  bibes 
and  the  intensity  levels  which  should  be 
considered  as  dangeroust  and  so  marked* 
are  listed  in  table  1-1. 


Tabls  1-1 


INTENSITY  LEVELS  FOR  RADIOACTIVE 
COMMODirOCS  TO  BE  MARKED 
''DANGER'' 


MATERIAL 

INTENSITY 
(Mlcrocurles) 

Carbon  14  (C  14) 

5.0 

Cestum-Barlum  137 

1.0 

(CiBa  137) 

Cobalt  60  (Co  60) 

1.0 

Nickel  63  (Nl  63) 

1.0 

Radium  226  CRa  226) 

0.1 

Atomlo  Radiation  Hazards 

As  long  as  a  tube  containing  radioactive 
material  is  not  broken^  the  hazard  Is  slight. 
The  concentration  of  radioactivity  in  a 
normal  coUectlm  of  electron  tubes  at 
maintenance  shopes  does  not  approach  a 
dangerous  level.  However,  at  major  mipp]y 
points^  the  storage  of  large  <mantltles  of 
radioactive  tubes  in  a  relatively  small  area 
may  create  a  hazard.  A  broken  radioactive 
tube  immediately  becomes  a  hazfirdf  since 
radioactive  material  may  enter  a  person's 
body  by  Inhalation^  through  the  Skin  by  way 
of  an  open  wound*  and  with  food.  Radioactive 
material  deposited  within  the  person's  body 
produces  internal  radiation  which  may  Injure 
or  destroy  blood-forming  organs  and  body 
tissue.  The  removal  of  this  hazard  IsUmlted 
by  the  rate  of  excretion  oI  the  elements 
from  the  body  and  the  natural  radioactive 
decay  of  the  material.  The  degree  of  injury 
depends  primarily  on  the  quantity  of  radla* 
tlon  energy  absorbed  by  the  body  cells.  It 
only  a  small  amount  of  radioactive  material 
is  absorbed  by  the  body,  symptoms  of  inter- 
nal injuries  may  not  appear  for  years.  Table 
1^2  lists  tubes  that  are  known  to  contain 
radioactive  material*  the  type  of  radioactive 
material*  and  the  intensity  of  radioactivity 
of  each  tut>e. 


Precautions 

The  following  practices  should  be  ob-^ 
served  to  minimize  the  danger  presented 
by  radioactive  tut>es. 

1.  Tubes  should  not  be  removed 
tr<m  cartons  until  immediately  prior  to 
actual  Installation.  This  serves  twopurposes; 
to  prevent  accidental  breakage,  and  to  avoid 
the  posslblUty  of  concentrating  ssveral 
radioactive  tubes  In  a  small  volume  (which 
would  increase  the  effective  intensity  of 
radiation). 

2.  When  a  tut>e  Is  removed  l^om 
equipment*  It  should  be  placed  in  an  appro, 
prlate  carton  to  prevent  psslble  breakage. 
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Tabi«  1-2 

TUBES  CONTAIMINO  RADIOACTIVE  MATEIUAL 


TUBE 
TYPE 

ISOTOPE 

QUAfntTY 
PER  TUBfi 

OAS 

C9  AO 

Ofimi 

OA  SWA 

Kt  tt3 

0»0t*f06 

OA  SWA 

Co  60 

Ofl)067 

Co  ^0 

0*0067 

OBSWA 

Kt  63 

0,rOt*iOS 

OB  SWA 

Co  60 

0.0067 

IBSS 

Co  60 

0*S5 

1BS3 

Co  60 

(LIS 

1BS3 

Co  60 

0,rS*l,rO 

1BS4 

Ra  X36 

S*0 

V  b    ID  aV* 

Co  60 

0*475 

1B14A 

Co  60 

OlrlS 

1BS4A 

Co  60 

OtS 

tB14A 

Co  60 

1BS4A 

Ra  SSO 

S,rO 

Co  60 

0*15 

1B2T 

Co  60 

0*15 

IB31 

Co  6o 

0.25 

0L*1B3SA 

Co  60 

0  J60 

IB3SA 

Co  60 

0*4 

IB3U 

Co  60 

1*0 

Co  60 

0*13 

IBM 

Co  AO 

0J50 

OL-1B37A 

Co  60 

0*4 

IB3TA 

Co  60 

1*0 

CL*1B3S 

Co  60 

0*475 

IB38 

Co  60 

0*9 

1B40 

Co  60 

0*S 

1B40 

Co  60 

1*0 

lB4t 

60 

0*S5 

1B41 

IUSS« 

S*0 

Co  60 

0*475 

1B44 

Co  60 

0*45 

IB44 

Co  60 

1*0 

1B45 

Co  60 

o*ss 

1B45 

fU  226 

S*0 

1B49 

fU  226 

2.0 

IBSO 

Co  60 

0*15 

IBSl 

Co  60 

0*4 

1B5S 

Co  60 

0*45 

1B53 

Co  60 

0*45 

TUBE 
TYPE 

10OTOPC 

PCR  tUBC 

fMloroottvtii) 

1B54 

Co  60 

0.46 

1B66 

Co  60 

0,6 

Co  60 

0.475 

1B56 

Co  60 

0,45 

Co  60 

0.475 

rtt  ^iBita 

Co  40 

0*475 

Co  60 

0*5 

1B60 

Co  60 

0*16 

1B60 

fU  S39 

3  n 

a.  V 

1B6S 

Co  60 

0*15 

0L*1B63 

Co  60 

0.475 

0L*1B61A 

C6  60 

0.476 

1&63A 

Co  eo 

0.15 

1B63A 

Co  60 

0.6 

1B61A 

Co  60 

1*0 

1B63B 

Co  60 

0.15 

TO*6 

C9  137 

5.0 

BL*8 

Co  60 

0*15 

TO-S 

C9  m 

ft  0 

y*v 

TI>*9 

IU22e 

0*6 

BL-10 

Co  60 

0.15 

TO-11 

Cl  137 

5.0 

TO-IS 

C9  m 

6.0 

TO-13 

C9  137 

6*0 

TO*14 

C9  137 

5.0 

BL*t5 

Co  60 

0*25 

TO-15 

Cl  137 

6*0 

BL*16 

Co  60 

0*15 

TO-16 

C9  137 

0*5 

TI>^19/614S          lU  S26 

0*5 

BL*SO 

Co  60 

0.15 

BL*29 

Co  60 

0.15 

BL-34 

Co  60 

0.5 

BL-36 

Co  60 

0*45 

BL-aaA 

Co  60 

OJ 

BL-39 

Co  60 

0*15 

BL-40 

Co  60 

0.45 

BL*41 

Co  40 

0*45 

BL*44 

Co  60 

0*15 

BL-45 

Co  60 

0.4 

BL-47 

Co  60 

o*:5 
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rmt  i-ac3onfd) 

TUBES  CONTAININQ  RADIOACTIVE  MATERIAL  ' 


TTPt 

Mr  mil.  Avtrm 

BL-4« 

0  4 

BL-Sl 

0^15 

BL-«1 

coeo 

0  4 

BL-5T 

fk  1ft 

BL-U 

Co  flo 

O^ltt 

BL-U 

Co  40 

0«9 

BL-43 

Co<0 

04 

BL-44 

Co«0 

0^15 

CottO 

O.ltt 

»L-«» 

CottO 

0^4 

BL-TO 

CoiO 

0.4 

BL-Tl 

CottO 

0.4 

BL-T3 

CottO 

0.4 

B1.-T4 

CottO 

0«4 

BL-T5 

CottO 

0.4 

BL«T« 

CottO 

0*4 

Bt-rr 

CottO 

0  T 

BL-n 

Co  to 

0*35 

Co  tto 

BL^O 

Co  tto 

0«15 

BL-83 

CottO 

0  Ift 

BL-fl4 

Co  tto 

v.* 

Bt-H 

CottO 

BL-64H 

CottO 

CottO 

0*19 

BL-t8 

CottO 

0*5 

Co  tto 

0.15 

BL-91 

Co  tto 

0*9 

BL-93 

CottO 

0.4 

*P  ^ 

c  u. 

3.0 

BL 

CottO 

0.9 

BL-;* 

CottO 

0.9 

Hitta 

0.001 

BL*303 

CottO 

0^ 

BL-SIU 

CottO 

oaf 

CottO 

14 

BL-304 

CottO 

0.15 

CottO 

1.0 

BL-30a 

CottO 

0.19 

BL-306 

CottO 

0.15 

CottO 

1.0 

TUBC 
TYPB 

WEtt  TtMV 

|M)  VrvQUT  W  V  J 

ttit 

CO  VD 

VO  VD 

An 

1  0 

l.v 

CO  vv 

n  ft 

n  ft 

Co  ttO 

Q  ft 

513C 

Ha  31t 

OlOI 

A  AAllAd  nft 

313CB 

Ha  33tt 

0*01 

313CC 

Ha  33tt 

0*01 

3UCD 

Ha  13tt 

0*01 

llii*3l4 

Co  ttO 

Ui*3ltt 

Co  ttO 

0*9 

IIA^Ol9 

Co  ttO 

0*5 

Co  ttO 

1.0 

BL*93ttK 

Co  ttC 

0*19 

BI>-13tt 

Co  flO 

0.19 

0.15 

0«0l 

vO  i^l 

^A 

GO  W- 

M  1ft 

BL'SM 

CottO 

0.19 

BL-^339 

CottO 

0.29 

BL-340 

CottO 

0.19 

BL*340K 

CO  BO 

0.19 

BL-341 

CottO 

0.)5 

BL*343 

CottO 

0,19 

aL*343 

CottO 

0.19 

BL'344 

CottO 

0*39 

BL^aitt 

CottO 

0.9 

BL-M 

CottO 

0.0 

»<B 

Ha22& 

1.9 

BL-34T 

CottO 

0*19 

BL-M 

CottO 

0.29 

BL-30S 

Co  00 

0.19 

BL-349 

Co  00 

0.19 

BL-390 

Co  60 

0.19 

fiP*390 

HI  63 

3*0 

lERLC 
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Table  1*'2  (Cont'd) 
TUBES  CONTAININO  RADIOACTIVE  MATERIAL 


TtfBC 
TTM 


IflOTOPI 


QtlAHTrrY 
PtR  TUBE 
(MloroottrlM) 


PER  TUBE 
{MtorocnriM] 


BL-9S1 

Ca  M 

A  It 

443 

C  14 

1.0 

vv  vV 

A  4lt 

443A 

Bt  2M 

0.01 

OlOl 

444 

C  14 

1.0 

0*01 

440 

C  U 

1,0 

aO  iMW 

0«0l 

440 

C  14 

1,0 

41  OS 

ItO 

VXR-SOO 

HI  03 

0.001 

am  230 

0(0 1 

vxa-ttoo 

HI  03 

0,001 

ftt  330 

OfQ0O0-,0B 

BL-OOl 

oo  ao 

o,s 

HI  03 

0,001 

BL-003 

Co  00 

0,1S 

w  14 

LO 

BL-403 

Co  SO 

o.« 

w  14 

1*0 

BL-404 

Co  00 

0,25 

w  14 

X*Q 

BL-OOS 

Co  00 

0,1S 

4vv 

w  14 

t  A 

HL-eoo 

Co  00 

0.4 

400 

w  14 

1«0 

BL-OOT 

Co  00 

0^ 

HA  330 

ItO 

BL*0OO 

Co  00 

0,4 

C  14 

ItO 

BL-410 

coao 

0,4 

4X3 

C  14 

1.0 

BL-411 

Co  00 

0,1S 

41mI« 

Rft  330 

1«0 

BL-413 

Co  00 

0,9 

414 

4l  14 

1  A 

Blt-013 

Co  00 

0,15 

41« 

cu 

1,0 

BL-014 

Co  00 

0,1S 

417 

C14 

1.0 

BL-017 

Co  00 

0,25 

414 

C  14 

1.0 

BL-014 

Co  00 

0,9 

419 

C14 

1*0 

BL-OIO 

Co  00 

o,s 

420 

C  14 

1,0 

BL^ao 

CO«0 

0.1S 

421 

C  14 

1.0 

BL-021 

Co  so 

0.1S 

433A 

Ba230 

0,01 

BL-433 

Co  00 

0.S 

4m 

Bt23« 

0,01 

BL-433 

Co  00 

0,4S 

Ba330 

0,01 

BL-434 

Co  00 

0,2S 

4m 

RftAaO 

0,1 

BL-425 

Co  so 

0,2& 

43a\ 

Ba33a 

1.0 

BL-030 

Co  00 

0,9 

431 

C  14 

u» 

BL-03T 

Co  00 

0,25 

433 

0  14 

u 

BL-43S 

Coao 

0.9 

432\ 

Ra330 

0,01 

BL-43B 

Co  00 

0,5 

4a2B 

BA320 

0,01 

BL-030 

Coao 

0.4S 

433 

C14 

1*0 

BL-031 

Co  00 

0.25 

434 

430 

C14 

BL-ti3 

Co  00 

0^ 

C14 

1.0 

BL*033 

Co  00 

0,4« 

430 

C  14 

1U» 

BL-034 

Co  00 

0^ 

439A 

Ba33a 

0,01 

BL-030 

Co  00 

o.u 

441 

C14 

u» 

BL-^ 

Co  so 

0,25 

442 

cu 

1,0 

HL^437 

Co  00 

0^ 

37 
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TaUe  1-2  (Cont'd) 
TUBES  CONTAININQ  RADIOACTIVE  MATERIAL 


QUANTITV 
PKltTUBK 
(UloroouriM) 


TUBfi 
TYW 


IBOTOPC 


PEA  TUBE 


BL-ftSa 

Co  60 

0^ 

VXR^iaOQ 

Nt  63 

0.001 

BL-MO 

Co  AO 

0.9 

Z*19T3 

Co  60 

0.478 

BL-6il 

Co  60 

0^ 

VXIl-2003 

Nt  A3 

0,001 

BL-643 

Co  60 

0.4a 

vxii-2aoo 

Nt  Ad 

0.001 

IU226 

3^ 

VXROOOl 

Nt  63 

0.001 

BL-M3 

CO«0 

o.ia 

WX-3320 

3.0 

BL^4 

Co  AO 

0.2a 

WX-5346 

3,0 

BL-MS 

Co  60 

0.3a 

VXIU4000 

Nt  A3 

0,001 

BL*<i« 

Co  60 

0*6 

VXR-6000 

Nt43 

0,001 

BL-MT 

Co  AO 

o.a 

aa69 

tU236 

1.0 

BL-*4S 

Co  AO 

o.a 

66ai 

Co  60 

0,006T 

Co  AO 

0.2a 

fieaiWA 

tuasA 

0.045^.085 

BL^ao 

Co  60 

0.4 

fieaiWA 

Co  ^ 

0.006T 

Co  60 

o^sa 

aTA3 

Co  60 

0.006T 

Co  60 

0.9 

&T83WA 

Co  AO 

0.006T  . 

BL-^U 

CO  AO 

o.a 

aTAlWB 

Co  60 

0,006T 

BL^sa 

Co  60 

0^ 

aT5T 

Co  ^ 

0.006T 

BL'Wa 

Co  60 

o.a 

5Ttt7WA 

Cn^ 

0.006T 

BL-MO 

Co  AO 

0.4ft 

5T37WB 

Co  60 

0.QOAT 

BL^l 

Co  AO 

0.1a 

5T90/XT10a 

Co  60 

1.0 

BL-^ea 

Co  60 

0.4 

&T91/XA00T 

Co  60 

1.0 

BL*M4 

Co  60 

OA 

6T92 

Co  AO 

0.45 

EP-<80 

Ntes 

3*0 

5T92/ATA-345 

Co  60 

1.0 

BL-TOO 

Co  AO 

0.25 

5793 

Co  60 

0.45 

BL-T03 

Co  60 

0.26 

&T93/ATlt*34A 

Co  60 

1.0 

BL-T03 

Co  60 

0.26 

5841 

m  63 

0.001 

BL-TO0 

Co  60 

0.25 

5853 

Co  60 

0.5 

BL-TU 

Co  AO 

0.25 

58  aa 

Co  60 

0.5 

BL-TIT 

CO  AO 

0.25 

saao/TR-aes 

Co  60 

1.0 

BL-ns 

Co  60 

0*15 

5a5i/ATR-32l 

Co  60 

0.4 

T21B 

Co  60 

0.25 

5663 

Co  60 

0,5 

BL-TM 

Co  60 

0.15 

5863/XTm 

Co  60 

1.0 

T24B 

Co  60 

0.15 

5aA4/ATR-32l 

Co  60 

1.0 

BL-T26 

Co  60 

0.35 

5a6fl/TA-381 

Co  AO 

0.15 

BL-T3S 

Co  60 

0.25 

5865/TR-501 

Co  60 

1.0 

VXR-SM 

Nt  A3 

0.001 

5583 

CotfO 

0.4 

VXR-IOOO 

Nt  63 

0.001 

6883/ATR-3ai 

Co  60 

1.0 

1021 

Co  to 

O.0OAT 

5921 

Co  60 

0.45 

m  A3 

0.001 

5921/ATA-348 

Co  60 

1.0 

VXR-1401 

m  A3 

OJMI 

5923 

CoA4> 

0.45 

VXR*1500 

Nt  A3 

04M1 

a922/ATA-349 

Co  60 

1,0 
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Table  1-2  (Cont'd)  ^ 
TUBES  CONTAININa  HADIOACTtVE  MATERIAL 


TUBE 
TYPE 


ISOTOPfi 


QUAMTITV 
PER  TUBE 


B92B/TR-331 

QL-B927 

B»2T 

B92T 

592T/TR-3B1 

WL-5939 

WL-B939A 

59B0 

SM2 

9M2 

B9e2 
0O1B 

«024/ATR-33T 

e<»33 

6034 

OL-«035 

6035 

flOai/ATR-^OT 

aoai/ATR-^oT 

0109 

OL-«ltT 

flUT 

flUT 

0117 

0140 

0141 

0143 

010Z/ATR-333 
3103 

0103 

0103/ATR-428 

0104 

6104 

0104/TR-429 
0107 
0213 
0214 

021i/ATR-^Z0 
0232/ATR^27 


Co  00 
Co  00 
Co  00 
Co  00 
Co  00 

lti.2» 
Nl  03 
C  14 

Nl  ea 

Co  00 
Nl  03 
Co  00 
Co  40 
Co  00 
Co  00 
Co  00 
Co  00 
Co  00 
Co  00 
Co  00 
C  14 
Co  00 
Co  00 
Co  00 
Co  60 
lti.220 
IU226 
m63 
Co  60 
Co  60 
Co  60 
Co  60 
Co  60 
Co  60 
Co  60 
IU226 
Co  60 
Co  60 
Co  60 
Co  60 


0.15 

0.47B 

O.B 

0.B 

1.0 

2*0 

2.0 

0.001 

1.0 

9.0 

0.0007 

0.001 

0.5 

0.2A 

0*45 

0.4 

0.4 

0.475 

0.1B 

0.4 

1.0 

1.0 

0.47B 

0«45 

0.5 

1.0 

0.01 

0.1 

0.001 

0.4 

0^ 

0.B 

1.0 

0.15 

0.5 

1.0 

0.01 

0.0067 

0.4 

1.0 

0.15 


TYPE 

IBOTOPE 

QUAMTITV 
PER  TUBE 

{Mlcrocurloj) 

6332 

Co  60 

0.5 

6232/TR-^27 

Co  60 

1.0 

WL-6260 

IU220 

2.0 

62a2/BL«ll 

Co  60 

0.tB 

62S4 

Co  60 

0^ 

fl304/6L-43 

Co  60 

0.4 

6322/ML*Z5 

Co  60 

0.15 

6334/6L-27 

Co  60 

0.25 

6334 

Co  60 

1.0 

6334 

Co  60 

1.0 

6348 

Co  60 

0.15 

6369 

Co  60 

0.4 

WL-6370 

IU226 

2.0 

6576/BL-62 

Co  60 

0,13 

«392/&L*66 

Co  60 

0.4 

63H 

Co  60 

0.4 

63H 

Co  60 

1.0 

0437/1O3T 

Co  60 

0.0007 

6408/1059 

Co  60 

0.0007 

e4B5/BL-6l 

Co  60 

0.2B 

6B42 

Co  60 

0.0007 

6&45 

Co  60 

1.0 

6546 

Co  60 

1.0 

656a/6L-35 

Co  60 

0.25 

6B4U/BL-7I 

Co  60 

0.25 

65ft5/BL-313 

Co  60 

0.15 

65dB 

Co  60 

0.5 

6503/BL-28 

Co  00 

0.X5 

6591 

Co  00 

0^ 

6B91 

Co  00 

1.0 

6592/&I#-^309 

Co  00 

0.15 

6B93/BL-310 

Co  60 

0.15 

65ft4/BL-311 

Co  00 

0.15 

6B95/6L-316 

Co  00 

0.13 

65M/BL-317 

Co  00 

0^5 

6597/BL*320 

Co  00 

0.15 

6599/BL-322 

Co  60 

0.25 

6eo(K/BL*323 

Co  eo 

0.15 

6601/BL-327 

Co  00 

0.23 

66oVBL-329 

Co  00 

0.5 

66t3/BL-324 

Co  00 

0.25 

99 
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Table  1-2  (Con*t) 
TUBES  CONTAINING  RADIOACTIVE  MATERIAL' 


TUBJC 
TYPE 

ISOTOPC 

QUANTITY 
PER  TUBE 
{MlCttWUftAa) 

TUBE 
TYPE 

ISOTOPE 

Aft  A.  ftt*Vlt*f^W  1 

SUAwTlTY 
PER  TUBE 
(M  Lor  oour  tail 

Cd  60 

1.0 

M39/BL-46 

Co  90 

41*  15 

Co  60 

O.IB 

B04O/BL*6O 

Co  60 

0.4 

Co  60 

O.IB 

■  J  1  /nt    ■  ■ 
a94V0M-BB 

Co  BO 

0.S5 

Uia/BL'336 

Co  60 

oas 

U43/BL-B0v 

Co  BO 

OtZB 

U2i/BL'aS3 

Co  BO 

0.25 

6043/Bl4>Oi 

Co  BO 

0.25 

ASM 

Art 

1.0 

wO  DU 

S0»/OA2WA 

m  63 

0.01*0.05 

6$4S/BL*»SH 

Co  60 

0.15 

4«3T/OB2WA 

Ra226 

O.OQB*O.OBS 

604«/BL^0O4 

Co  60 

0.25 

aa27/OBZWA 

Nl  a3 

0.01-O.OB 

«d4T/BL-604H 

Co  60 

0.25 

Co  60 

0.9 

064A/BL-414 

Co  60 

0.25 

a629/BL*U 

Co  BO 

0.4 

4049  BL-5« 

Co  60 

0.15 

063O/BL*SS 

Co  60 

0.4 

66SO/BL-BT 

Co  60 

0.15 

Co  BO 

0.4 

6$85/BL*616 

Co  60 

OM 

4«3Z/BL^1B 

Co  BO 

0.9 

BT95 

Co  60 

0.15 

«33/BL-3T 

Co  60 

0.9 

BT95 

Co  60 

1.0 

UM/BL'90 

Co  60 

0.9 

6796 

'  Co  60 

0.25 

e63S/BL-5T 

Co  60 

0.15 

6T9T 

Co  60 

0.25 

e63«/BL-BT 

Co  00 

0.9 

«a30 

B3 

O.OUO.OB 

«<3T/BL*31 

Co  60 

0.15 

N163 

0.01-O.OB 

eesa/BL^dd 

Co  60 

0.15 

3.  These  tubes  should  never  be  car- 
ried in  a  pocket  or  elsewhere  about  you  in 
such  ^  manner  that  breakage  can  occur. 

4.  Extreme  care  should  be  exer- 
cised in  the  handling  of  these  tubes  while 
installing  or  removing  them  from  equipment. 

5.  II  breakage  does  occur»  material 
contaminated  by  radioactivity  should  not  be 
allowed  to  come  in  contact  with  any  part  of 
your  body  at  any  time.  Take  care  to  avoid 
breathing  any  v^or  or  dust  (such  as  radon 
gas,  a  highly  radioactive  substance)  which 
may  be  released  by  such  breakage.  Imme- 
diately locate  all  broken  pieces,  and  isolate 
the  area  until  the  broken  pieces  have  been 
removed  or  declared  nonradioactive  by  test 
with  an  adequate  radiation-sensitive  device. 


6.  No  food  or  drink  should  be 
brought  into  the  contaminated  area  or  near 
any  radioactive  material. 

7.  Immediately  after  leaving  a  con- 
taminated area,  personnel  who  have  handled 
radioactive  material  in  any  way  should  re- 
move contaminated  clothing.  They  should 
wash  their  hands  and  arms  thoroughly  with 
soap  and  water»  especially  before  eating, 
driiddng  or  smd^lng. 


First  Aid 

When  A  wound  caused  by  a  sharp  radio- 
active Grbject  is  sustained,  mild  bleeding 
^should  be  stimulated  by  pressure  about  the 
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wound  and  the  use  of  suction  bulbs*  Do  not 
suck  the  wound  by  mouth*  Wash  the  wound 
with  floapf  and  flush  with  plenty  of  clean 
water*  If  the  wound  is  of  the  puncture  type^ 
or  the  opening  Is  small^  make  an  Incision 
to  promote  free  bleeding  and  to  facilitate 
cleaning  and  Qushlng  of  the  wound. 


Decontaminating  Surfaced 

When  cleaning  a  contaminated  area^  you 
should  wear  rubber  or  plastic  gloveeu  Large 
fragments  of  a  broken  tube  should  be  re* 
moved  with  the  aid  of  some  tool^  such  as 
forceps,  If  they  are  available*  The  remain* 
Ing  particles  can  be  removed  vdth  ^  vacuum 
cleaner^  using  a  disposal  collecting  bag^  or 
by  wiping  a  wet  cloth  across  the  area*  If  a 
wet  cloth  Is  used,  make  one  stroke  at  a 
time,  and  fold  the  doth  In  half  after  each 
stroke,  always  using  a  dean  side*  When  the 
cloth  becomes  too  small,  discard  It  and 
continue  with  a  clean  piece*  Be  careful  not 
to  rub  the  radioactive  partldes  Into  the 
surface  by  using  a  back-and-^forth  motion* 
All  debris,  doths,  and  bags  used  for  clean* 
Ing  should  be  sealed  In  a  container  such  as  a 
plastic  bag,  heavy  waxed  paper,  or  glass  jar, 
and  placed  In  a  steel  can  for  disposal*  Radio- 
active waste  can  be  disposed  of  bybuiylng 
In  sou  or  In  the  ocean^ 


SOLDERING  HAZARDS 


Gene  ral 


Soldering  Is  a  safe  process  If  the  hazards 
associated  with  soldering  are  recognlzedand 
normal  safety  precautions  are  observed.  The 
possible  sources  of  danger  to  personnel  and 
property  are  from  heat,  fire,  electricity, 
fUmes,  and  chemicals* 

Since  soldering  Is  a  process  which  re- 
quires heat,  the  risk  of  receiving  painful  and 
dangerous  bums  Is  always  present*  Bums 
can  be  received  from  the  primary  source  of 
heat,  from  explosions  caused  by  c^enflames^ 
and  from  handling  soldered  metals  before 
they  have  cooled  sxifficlently.  Bums  are  a 
personnel  problem  and  can  be  avoided  by 
thora:gb  training* 


Qoaely  associated  with  the  dangers  of 
heat  Is  the  fire  hazard.  Flros  can  cause 
extensive  property  damage,  and  frequently 
are  the  cause  of  loss  of  life  or  Inluiy  to 
personnel*  Soldering  electronic  equipment 
presents  little  danger  from  fire  except  for 
the  possibility  of  an  electrical  Ure  caused 
by  overloaded  supply  circuits  or  a  short 
circuit*  However,  the  equipment  used  for 
general-purpose  soldering  present  a  definite 
fire  hazard  at  all  times*  Fires  can  result 
from  the  careless  handling  of  flame  heating 
devices,  or  from  their  use  In  the  vicinity 
of  Inflammable  fUmes  and  liquids*  Fire  haz* 
ards  can  be  decreased  greatly  by  observing 
simple  safety  precautions* 

Volatile  fUmes  are  a  hazard  both  to 
personnel  and  property;  however,  the  danger 
can  be  decreased  during  soldering  opera- 
tions If  adequate  ventilation  Is  provided. 
Fumes  from  gaaoHne  and  alcohol  present  an 
explosion  hazard,  since  they  can  be  Ignited 
by  an  open  flame  or  by  a  sparic.  Combustible 
ga^  mixtures,  such  ^  oxygen  and  acetylene, 
present  the  same  type  of  danger*  CUier 
fumes  may  be  Injurious  to  the  health  of 
operating  personnel*  For  example,  fumes 
from  heated  fluxes  and  frr>m  degreaslng 
liquids  can  cause  lung  and  skin  Irritations* 

Since  electrical  soldering  equipment  Is 
so  widely  used,  an  electrical  hazard  to 
associated  supply  circuits  can  cause  fires 
and  explosions  under  certain  conditions* 
This  hazard  can  be  minimized  by  the  use  of 
equipment  In  good  condition  and  by  not  over- 
loading the  electrical  circuits*  As  with  all 
electrical  equipment,  the  danger  of  electri- 
cal shock  to  operating  personnel  Is  present* 

Chemicals  ivhlcb  ciay  present  a  health 
hazard  are  used  extensively  In  soldering 
fluxes  and  degreaslng  solutioiLNoncorroslve 
fluxes  present  uttle  problem,  but  the  alkalies 
and  acids  \tsed  In  corrosive  fluxesmay  cause 
skin  Irritations  and  bums*  Danger  to  the 
eyes  also  exists^  since  maiiy  of  the  cheml* 
cals  are  In  liquid  solutions,  and  splashing 
or  spattering  may  occur*  The  hazard  pre« 
sented  by  chemicals  Is  slight  if  propersafety 
precautions  are  observed* 


ERLC 
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Protection 

CENERAL.  Many  precaution^  are  com* 
mon  to  all  types  of  soilderlng.  They  must  be 
obaemd  to  prevent  perBOnnel  injuries  and 
damage  to  property. 

1.  Do  not  solder  electronic  equip- 
ment unless  It  is  disconnected  from  the 
supply  circuit.  Serious  bums  can  be  re- 
ceived by  contact  ivlth  RF  circuits.  Death 
can  result  from  contact  with  a  hlgh-voltose 
source. 

2.  Cround  all  equipment  to  lessen 
the  danger  of  electrical  shock. 

3.  Do  not  overload  electrical  cir- 
cuits, because  of  the  danger  of  fire. 

4.  Cround  electric  soldering  iroqs 
and  guns  to  eliminate  the  danger  of  electric 
shock  resulting  from  defective  equipment. 

5.  Do  not  nip  excess  sol<ter  fromthe 
tip  of  a  hot  soldering  iron.  Bits  of  hot  solder 
can  cause  serloua  sidn  and  eye  bums;  they 
may  also  ignite  combustible  materials. 

6.  To  avoid  painful  burns»  handle  hot 
metals  with  care.  In  addition*  completed 
soldered  assemblies  may  be  dropped  and 
damaged  by  handling  them  when  they  are 
hot. 

7.  Select  the  proper  working  area 
for  soldering.  Choose  a  well-^ventUatedloca- 
tlon  away  from  all  lire  hazards. 

6.  Hold  large  woxlcpleces  securely 
while  they  are  being  soldered.  Severe 
Injuries  or  bums  may  be  received  because 
ctf  a  falling  workplece. 

d.  Wear  the  proper  clothing  and  pro* 
tective  devices  wbila  soldering. 

10.  Maintain  a  clean  working  area  to 
prevent  iires.  Remove  combustible  mate- 
rials from  the  floor  and  from  the  surround* 
ing  area* 

11.  Keep  fire-fighting  devices  and 
first  aid  supplies  near  the  soldering  area. 
Au  equipment  should  be  checked  at  regular 
Intervals. 


Electric  Scdderlng  Devices 

Two  types  of  soldering  guns  are  in  com- 
mon use  today;  they  differ  mainly  in  the 
manner  in  which  the  tip  is  heated,  One  type 
consists  of  a  conventional  soldering  iron  Up 
and  heating  element  mounted  in  a  gun-type 
handle;  a  trigger  switch  may  or  may  not  be 
included  to  control  the  period  of  heating. 
Since  the  characteristics  of  this  type  of 
soldering  gun  so  closely  resemble  those  of 
the  soldering  iron,  it  will  not  be  discussed 
further.  Ihe  other  type  of  soldering  gun 
operates  on  the  transformer  principle.  The 
handle  of  the  soldering  gun  contains  a  trans- 
former whose  secondary  drcuitls  completed 
through  a  loop-style  tip.  The  point  of  the  tip 
is  heated  by  the  passage  of  large  secondary 
currents  at  low  voltages.  The  gunisoperated 
by  depressing  a  trigger  switch.  Thus»  heat- 
ing occurs  ohly  when  the  switch  is  operated^ 
and  the  tip  is  protected  against  damage 
caused  by  overheating.  The  gunischaracter- 
ized  by  its  fast  heating  rate. 

The  foUowing  precautions  should  be 
observed  when  using  electric  soldering 
devices: 

1.  Do  not  permit  a  hot  sdderlngiron 
to  rest  on  a  wooden  bench  or  chair.  Use  a 
soldering  iron  holder. 

2.  Furnaces  and  induction  heating 
units  operate  with  high  currents.  They  must 
be  connected  and  operated  according  to  the 
appropriate  instructions*  Do  not  contact 
current-carrying  conductors  or  connections 
when  such  equipment  is  operating,  or  death 
from  electric  shock  may  result. 


Flame-'H^ated  Soldering  Devices 

Flame-heated  soldering  devices  obtain 
their  heat  from  the  burning  of  various  gases 
and  combustible  v^>ors.  They  are  particu- 
larly useful  for  soldering  large  Joints,  such 
as  those  found  in  water- cooling  plumbing 
lines  for  high-power  electron  tubes  which 
cannot  be  heated  effectively  with  a  soldering 
iron.  This  equipment  cannot  be  used  to 
solder  Joints  in  electrical  and  electronic 
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Qtiulpment  bocauflo  tho  flame  rannot  be  con" 
fined  to  amall  areas.  In  adcucion^  the  flame 
tomperaturo  cannot  bo  controlled  readUy. 
Mowevor^  in  an  emergency,  a  gaa-operated 
torch  or  burner  can  be  U£ed  to  heat  a 
soldering  iron;  the  iron  can  then  be  used 
to  make  small  Jointa. 

Ttie  following  precautions  should  be  ob-^ 
served  v/hen  using  flame-heated  soldering 
devices; 

1.  Store  combustible  gaa  cylinders 
in  a  pix)tected  and  veU-ventilated  area.  The 
storage  area  should  be  located  away  from 
all  sources  of  heat  that  could  be  a  fire  haz^ 
ard.  Do  not  store  oxygen  and  combustible 
gas  cylinders  in  the  same  location,  because 
of  the  explosion  hazard. 

2.  Transport  gas  cylinders  to  and 
from  the  working  area  with  a  hand  truck  or 
cart.  The  valve- protection  caps  must  be 
mounted  on  the  cylinders  while  they  arr 
being  moved;  never  move  a  cylinder  when 
the  valve  is  open.  Do  not  lift  a  cylinder  tvy 
the  valve«protection  cap  with  a  crane;  use 
an  approved  cradle  or  holder. 

3.  Install  gas  cylinders  upright  In  a 
rack  or  stand,  to  prevent  them  from  falling. 
Do  not  fasten  cylinders  to  radiators  or 
pipings  to  which  electrical  equipment  maybe 
grounded;  a  spailc  could  cause  an  explosion. 
Install  cylinders  in  a  well* ventilated  area^ 
a^vay  from  heat  and  combustible  materials. 


7.  Do  not  adjust  acetylene  gas  pres- 
sure to  exceed  15  pounds  per  square  inch, 
or  an  explosion  may  occur. 

6.  Observe  normal  safety  precau- 
tions in  operating  blowpipes*  Do  not  allow 
the  flame  to  contact  combustible  materials. 
Avoid  bums. 

9,  Qose  the  valves  on  the  blowpipe 
and  cyllncter  valves,  and  disconnect  the  hose, 
blowpipe^  and  regulators  If  further  soldering 
is  not  to  be  done  In  the  immediate  future. 
Replace  the  valve  protection  caps  on  the 
cylinders^ 


MECHANICAL  DEVICES 

General 

The  hazards  to  the  safety  of  personnel 
with  respect  to  machinery  seem  to  be  well 
known  to  everyone  in  general;  yet,  in  an 
unguarded  second^  serious  injury  or  death 
occurs.  Personnel  can  be  prevented  from 
entering  a  dangerous  situation  by  establish- 
ing physical  barriers  around  operating 
machinery  an<t/or  by  mental  discipline  of 
personnel.  However^  when  such  machinery 
becomes  defective^  the  physical  barriers 
that  provided  personnel  safety  are  imme- 
diately removed  for  access  purposes.  In  the 
final  analysis,  it  is  the  mental  discipline 
which  provlctes  the  greatest  protection* 
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4.  Use  approved  pressure  regulators 
to  reduce  the  cylinder  pressure  to  woridng 
limits. 

5.  Use  the  proper  hose  to  connect 
the  blowpipe  to  the  gas  cylinders.  Handle 
the  hose  carefully  to  avoid  scuffs  and  other 
damage.  Do  not  lay  the  hose  where  it  can 
be  run  over.  Inspect  the  hose  for  damage  at 
regular  Intervals. 

6.  Do  not  permit  oxygen  to  come  In 
contact  with  oily  materials,  because  of  the 
danger  of  fire.  Do  not  put  oil  on  regulator 
or  blo^ipe  fittings. 


Rotating  Machinery 

Motor-generators  and  any  other  rotat- 
ing equipments  which  are  installed  In  a 
communications-electronics  installation 
must  have  their  rotating  parts  covered,  so 
that  it  will  be  impossible  for  the  clothing, 
fingers,  or  Umbs  of  attending  personnel  to 
become  entangled  or  caught  in  the  moving 
parts.  It  is  the  responsibility  of  all  personnel 
to  make  sure  that  covers,  guards,  and 
barriers  are  kept  in  place  and  that  the 
rules  governing  placement  are  not  violated. 
Ko  equipment  should  be  accepted  for  normal 
service  usage  unless  the  covers  and  guards 
are  in  place. 
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Rotating  machlnsry  iA  often  vlowsd  In 
op<}ratlon  by  moanfl  ot  a  BtroboaoopOi  to 
detormlno  rotational  spssds^  stc*  Ths  lUu- 
0ion  ot  dtoppod  mochanlcsU  motion  U  vory 
convincing  undor  these  drcumstancefl.  Do 
not  attempt  to  touch  ths  moving  equipment* 

The  arrangsment  ot  your  clothing  must 
also  be  taken  Into  account  when  you  are 
working  around  rotating  machinery*  Your 
nficktlei  If  worn,  ust  be  secursly  fastened 
to  your  shirt*  Your  shirt  slesves  should  not 
be  left  unbuttoned  and  danglini;;  they  ^culd 
be  buttoned  at  the  cuff  or  rolled  up.  Your 
shirt  tails  ^culd  be  securely  tucked  Inside 
your  trousers  Instead  of  left  dangling  where 
they  can  become  caught  In  moving  machinery. 


TOXIC  AGENTS 


Carbon  tetrachloride  vapors  causs  de- 
pression of  the  central  nervous  system  and 
sxtenslvs  damags  to  ^e  liver  and  kidneys* 
Prolongsd  exposure  results  in  llstlsSSnesSi 
headachei  nausea^  dizziness^  and  confusloni 
which  may  be  followed  by  stupor  and  some- 
times loss  of  consciousness. 


If  carbon  tetrachloride  Is  heated  It  de- 
composes to  form  toxic  gasos„  such  as 
phosgene  and  chlorine* 


TRICHLORETUAME,  This  agent,  used 
principally  as  a  degreastng  solvent,  Is  a 
narcotic  and  anesthetic  material.  Organic 
Injury  rarely  results  from  exposure*  Chronic 
overexposure  can  cause  anemia  and  liver 
damage* 


General 

Toxic  hazards  ^re  thoss  dangers  to 
human  safety  due  to  possible  contact  vlth 
Or  proximity  to  poisonous  substances.  Some 
poisonous  substances  are  termed  "caustic" 
Or  "corrosive/'  and  cause  the  fle^  to  be 
eaten  away;  the  results  of  contact  vlth  these 
agents  range  from  minor  skin  Irritations  to 
severe  bums.  There  ^re  a  wide  variety  of 
materials  In  dally  usage  that  are  toxic  only 
If  they  arc  taken  intemallyi  mostly  caused 
by  Inattention  ancV'or  lack  of  personal 
hygiene.  Some  poisons  exist  as  a  gaseous 
vapor  and  may  be  Injurious  Immediately  or 
over  a  long  period  of  time.  There  are  also  a 
few  substances  used  Inelectronicequlpments 
that  are  basically  nontoxic  agents,  but  under 
certain  conditions,  can  become  highly  toxic. 


Degreasing  Solvents 

CARBON  TETRACHLORIDE.  Never  use 
carbon  tetrachloride  as  a  degreasing  agent 
if  you  can  avoid  It.  As  a  liquid,  carbon 
tetrachloride  destroys  the  natural  otls  of  the 
skin,  producing  a  whitish  appearance  on  skin 
surfaces  that  are  exposed;  condmious  skin 
exposure  may  cause  skin  eruptions  as  a 
result  of  defattlng  action. 


TRICHLOBETHYLENE,  This  agent, 
ussd  principally  as  a  dsgreaslng  solvent,  is  a 
narcotic  and  anesthetic  material.  Organic 
Injury  rarely  results  from  acute  overex- 
posurss,  hut  the  chronic  accumulation  of 
overexposure  can  cause  anemia  and  liver 
damage. 


Pressurizing  Gases 

Sulphur  hexafluoride  Is  a  gas  of  high 
dielectric  strength  at  microwave  frequen- 
cies. It  Is  basically  a  nontoxic  gas;  how- 
ever^  the  heat  generated  by  electric  cur* 
rents  in  the  waveguide  will  cause  a  partial 
decomposition  of  the  gas,  which  Is  toxic. 
The  toxic  products  of  sulphur  hexafluoride 
may  cause  severe  eye  injuries,  Immediate 
choking,  or  coughing;  death  can  occur  in  a 
matter  of  minutes.  This  gas  Is  usually 
purified  through  a  charcoal  filtering  device* 


Battery  Acids 

The  most  common  battery  add  you  are 
associated  with  is  sulphuric  acid.  Suiphuric 
acid  Is  basically  a  corrosive  toxic  agent; 
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repeated  or  prolonged  inhftlation  of  Its  fumes 
can  cause  inflammation  of  the  upper  respir* 
atory  tracts  leading  to  chronic  bronchitis. 
Loss  of  consciousness  with  severo  damage 
to  the  lungs  may  result  from  inhalation  of 
concentrated  vapors  when  the  sulphuric  acid 
is  hot.  The  acid  in  a  highly  concentrated 
form*  prior  to  adding  water  for  battery  use* 
acts  as  a  powerful  caustlCj  destroying  skin 
and  other  flesh  tissues.  This  destruction 
appears  as  severe  burns*  and  such  exposure 
may  be  accompanied  by  shock  and  collapse. 
The  fumes  from  highly  concentrated  sul- 
phuric acid  cause  coughing  and  irritation  of 
the  eyes;  prolonged  exposures  may  pro- 
duce a  chemical  pneumonitis. 


Soldering  Materials 

The  soldering  area  must  be  well  ventl-^ 
lated  to  protect  operating  personnel  from 
Inflammable  fumes*  explosive  gas  mixtures* 
and  fumes  which  can  cause  skin  and  lung 
irritations.  If  a  metal*  such  as  lead  or  zinc* 
is  used  as  a  coating  on  steel*  poisonous 
fumes  may  be  generated  during  thesolderlng 
process. 

The  materials  used  in  noncorrosive 
soldering  fkuxes  are  relatively  safe*  but  the 
alkalies*  bases*  and  acids  used  in  corrosive 
fluxes  range  from  weak  to  strong*  and  may 
present  a  toxic  hazard.  Do  not  allow  fluxes 
to  touch  the  skin  unnecessarily;  many  ma- 
terials used  in  soldering  fluxes  contain  skin 
irritants.  Soldering  fluxes  spatter  when  they 
are  heated,  and  the  fumes  produced  by  heat- 
ing corrosive  fluxes  are  irritating  to  the 
skin  and  lungs.  Protect  your  eyes  during  the 
soldering  operation  to  prevent  damage  dkie 
to  spatter.  After  handling  fluxes*  wash  your 
hands  thoroughly  before  eating  or  smoking. 
Most  fluxes  contain  materials  which  are  a 
health  hazard  If  they  reach  the  stomach. 


Mercury  Cells 

The  oxplosion  of  mercury  dry  cells  can 
injure  personnel  and  damage  equipment 
Althou^  explosions  have  occurred  In  stor- 
age^ the  greatest  hazardexistswhenmercury 
cells  are  subjected  to  excessive  heat  or 
short  circuit.  An  explosion  can  be  caused 
when  the  cell  is  heated  in  excess  of  400 
degrees  Fahrenheit*  A  short  circuit  across 
this  type  of  coll  can  also  cause  an  explosion. 

Mercury  cells  generate  hydrogen  gas 
toward  the  end  of  their  useful  life.  In  the 
steeUJacketed  cell*  the  hydrogen  can  build 
up  considerable  pressure.  An  exidosioa  will 
occur  if  this  compressed  hydrogen  gas  is 
subjected  to  sufficient  heat  or  to  a  spark. 
This  dangerous  condition  Is  most  likely  to 
occur  in  a  multl-'cell  battery  where  one  or 
more  individual  cells  may  be  weaker  than 
the  rest.  Five  recommended  precautions 
are  as  follows: 

1.  Never  discharge  a  mercury^cell 
battery  after  its  terminal  voltage  drops  to 
70  percent  of  its  nominal  voltage*  or  when 
it  falls  to  operate  the  equipment  in  which  it 
is  used»  whichever  occurs  first. 

2.  Never  place  a  direct  short  across 
a  mercury-cell  t>attery. 

3.  Never  store  the  equipment  with  a 
mercury  cell  in  it. 

4.  Discard  dead  mercury-cell  bat- 
teries as  soon  as  possible. 

5.  Store  spare  mercury-cell  bat- 
teries in  a  cool,  adequately  ventilated  area. 
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SAVE  A  LIVE 


U  you  obtfdrve     accident  Involving  electrical  shocks 
DON'T  JUST  STAND  THEHE  -  DO  SOMETiflNOl 

RESCUE  OF  SHOCK  VICTIM 

The  victim  of  electrical  shock  Is  dependent  upon  you  to  give  him  prompt  first  aid* 
Observe  these  precautions; 

1.  Shut  off  the  high  voltage* 

2.  U  the  high  voltage  cannot  be  turned  off  without  delay^  free  the  victim  from  the 
live  conductor*  HEMEMBER: 

a.  Protect  yourself  with  dry  Insulating  material* 

b.  Use  a  dry  board,  your  belt^  dry  clothing^  or  other  non-conducting  material  to 
free  the  vlcUm.  When  possible  PUSH  -  DO  NOT  PULL  the  vlcUm  free  of 
the  high  voltage  source. 

c.  DO  NOT  touch  the  victim  with  your  bare  hands  until  the  high  voltage  circuit 
Is  broken* 

FIRST  AID 

The  two  most  likely  results  of  electrical  shock  are;  bodily  Injury  from  falling,  and 
cessation  of  breathing*  While  doctors  and  pulmotors  are  being  sent  for,  DO  THESE 
THINGS;  % 

1.  Control  bleeding  by  use  of  pressure  or  a  tourniquet* 

2«  Begin  IMMEDIATELY  to  use  artificial  respiration  if  the  victim  is  not  breathing 
or  is  breathing  poorly; 

a*  Turn  the  victim  on  his  back* 

b.  Clean  the  mouthy  nose^  and  ^throat*  (If  they  appear  clean^  start  artificial 
respiration  immediately.  If  foreign  matter  is  present,  wipe  it  away  quickly 
with  a  cloth  or  your  fingers). 

c*  Place  the  victim's  head  in  the  ''sword^swallowlng" 
position.  (Place  the  head  as  far  back  as  poesible  so 
that  the  front  of  the  neck  Is  stretched}* 

d.  Hold  the  lower  jaw  up.  (Insert  your  thumb  between  the 
victim's  teeth  at  the  midline  *  pull  the  lower  jaw  force- 
fully outward  so  that  the  lower  teeth  are  further  forward 
than  the  upper  teeth*  H<dd  the  jaw  in  this  position  as 
long  as  the  victim  is  unconscious). 

e.  Close  the  victim's  nose.  (Compress  the  nose  between 
your  thumb  and  forefinger)* 

f*  Blow  air  into  the  victim's  lungs.  (Taks  a  deep  breath 
and  cover  the  victim's  open  mouth  with  your  open 
mouthy  making  the  contact  air-tight.  Blow  until  the 
chest  rises.  If  the  chest  does  nbt  rise  when  you  blow^ 
improve  the  position  of  the  victim's  air  passageway^ 
and  blow  more  forcefully.  Blow  forcefully  into  adults. 
and  gently  into  children. 

g.  Let  air  out  of  the  victim's  lungs.  (After  the  chest  rlses^  quickly  separate  lip 
contact  with  the  victim  allowing  him  to  exhale). 

h.  Hepeat  steps  f.  and  g.  at  the  rate  of  12  to  20  times  per  minute.  Continue 
rhythmically  without  interruption  until  the  victim  starts  breathing  oris 
pronounced  dead.  (A  smooth  rhythm  is  desirable*  but  split-second  timing  is 
not  essential). 

DON'T  JUST  STAND  TH£HE  -  DO  SOMETHING ! 
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TEST  EQUIPMENT 
OPERATING  INSTRUCTIONS 


This  handout  contains  the  operation  Instructions  for  test  equipment  you  will  use  during  basic 
principles  training.  Course  3AQR3X020*X.  These  Instructions  were  extracted  from  the  IdentU 
fled  technlcol  orders.  This  training  pid>llcatlon  Is  designed  for  principles  training  purposes 
only;  whereas  the  complete  TO  should  always  be  used  as  a  basic  for  Job  performance  In  the 
field* 
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TECHNICAL  MANUAL 
(EXTRACT) 


OPERAnON 


mnMETER  AM/PSM-6,  AN/P£M-6A,  AN/PSM-6B 
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^«roar«pbi  1*1  to  1*17 


sicnoN  I 

DISCRIPTION 


1*t  INTtOOUCnON. 
1*2.  GENERAL 

1-3*  Thlff  t«chtdcal  mimiitl  comprlMi  tht  qp^rvtlng 
tattructloni  for  tht  fSoUowliig  multlmctttrft  muiufftC- 
turtd  by  Bnino-^Nftw  York  thduvtrlei  CorporaUoo, 
N«  York,  New  York, 

a.  AN/FSM-€,  part  mimlMr  58-6002A  (flcwrt  1-2) 
u  modified  by  TCTO  33X1-12-2-607  (jMrlil  numberi 
below  25206) 

b*  AN/PSM-e,  part  mimber  5fl-5O03B  (Uvun  1-1) 
c*   AN/Pau-8A«  part  mimber  16^6002  (ll«ur« 

1-3)  u  modified  by  TCTO  33A1-12-2-510 
d,   AN/F5M-6B,  part  number  100-5002  (figurt 

1-3), 

REUTEo  in;eucAnoN$, 

T.0.33A1-12-2-2  Tecbnlcal  Uamtal,  Senrkt, 
MULTIMETER  AH/|>fiM-0» 
AN/F3M-0A,  AN/3PSM-4B 

T*0.  33A1-12-2-4       Teelinlcal  Manual,  Bluftrated 
Farta  Breakdown,  MULTI- 
METER AN/PSM-ft, 
AN/PSM-eA,  AN/PSM-eB 

1*5,  PURPOSE. 

1-6*  Mtattmetera  AN/PSM-6,  AN/PSM-6A,  and 
AN/PSM-6B  are  Itema  of  general  puipoee  teet  eitaliH 
ment  deaigned  to  measure  de  and  ae  voltage,  dc 
currentf  and  reaUtance  In  tbe  rangea  moat  commonly 
encountered  In  electrical  eqolptnent*  The  mp^""m 
valuea  wtdch  can  be  meaaured  are  aa  fSollowa; 

a.  DC  voltage  -  9000  volta 
AC  voltage  -  1000  volta 
c*  DC  current  -  10  amperea 
d*   RealataAce  -  10  megohma, 

K7*  OESCRIPnON, 

1-d*   MULTIBIETCR  AN/PSM-e* 

1-0*  Multimeter  AN/FSU-6conalata  of  the  lowing 
Itema  In  one  completely  aelf-contalned  caaa; 

a.   Multimeter  ME-7(|^PSM-6  or  ME-70A/P9M-0 

Multlrange  Inatmment  Shunt  M3C-14O0/V 
c.  Teat  Prod  MX-141C/U 
d<  Teat  Adapter  MX-1411/U 
e*  Teat  Lead  Set  CX-2I4(VU  or  CX-2l40A/tr* 


1-10*  MULTIMETER  AK/F9M-eA* 

1-11*  MUltlmaUr  AN/PSM-eA  conaiata  of  the  follow- 
ing Uama  in  one  com^ettly  ««II*contalned  caae; 

a«  Multimeter  ME-70E/P9M-6A 

t^  Mtittlrangelnatrument  Shunt  2MX-t4O0/U 

c*  Teat  Prod  MX-141(V^ 

d,  Teat  AdapUrMX-1411/U 

e*  Teat  Lead  Set  CX-2140A/U* 

1-12*   MULTIMETER  AN/PSM-0B* 

1-13*  Multimeter  AN/PSM-6B  conaiata  of  the  fbllow- 
tng  Itema  In  oia  comptaUty  aell-contained  caae; 

a.  Multim«terMS-7OC/PSM-0B 

MUltlrange  tnatrumant  Shunt  MX-1400/U 
c*  TaatFrodM3C-1410/tJ 

d,  Teat  Adapter  MX-1411/U 

e.  Teat  Lead  Set  CX-2140A/U* 

1-14*   MULTIMETER  MS*70/P5M-e  OR 
ME-7OA/P9M-0* 

1-16*  ]iMtim«terM£-7O/PSM-0  orME-70A/PSM-e 
la  the  baale  Inatmment  for  the  AN/PSM-6*  Itconaiata 
of  a  50-*mleroampere  dc  meter  mounted  on  an  alumi- 
num panal  and  coonectadthroughtwo  multiple  awitchaa 
to  precialon  realator  circulta*  AH  meaaurementa  are 
made  wtth  the  teat  leada  connected  to  the  two  ]acka 
at  the  bottom  center  of  the  multimeter  panel  and  the 
EAKGE  and  FUNCTION  awitchaa  a«t  to  the  dealred 
vatuea*  The  multimeter  la  watertight  with  the  cmr 
ctL  The  overall  else  of  the  equipment  la  6  x  6*3/6  x 
4-1/2  tnchea  and  the  total  waigbt  ia  7  pounda,  7 
ounces*  The  minimum  aecuraelea  attained  are  printed 
on  the  Ud  of  the  multimeter  cover*  At  room  temfwra- 
turea^  the  accuracy  measurement  la  within  a3 
percent  onalldcrangeaaoda4percenton  all  ac  rangea 
except  the  0*5  volt  range,  which  la  Inftuencad  by 
aource  Impedance* 

1-ie*   MULTIMETER  ME-70B/PSM-6A, 

1-17*  MtHtlmeUr  ME-70G/P5BMA  ia  the  baalc 
tnatrumant  for  the  AN/FSM-6A*  It  la  the  aame  aa 
modeU  ME-7CI/P3M-0  and  ME-7aA/PSM-6  with  the 
eacaptlOD  of  having  a  pulaed  dc  current  function  in^ 
ataad  of  an  output  Amotion.  Thla  makea  tt  poaalble 
to  maaaura  pulaating  dc  currasta  having  high  peak 
valuea,  and  average  valuea  up  to  1  ampere*  Such 
curranta  cannot  he  meaaured  accurately  wtth  the 
AN/PSM-6*  The  overloid  protective  ayatam  in  the 
ME-7OE/PSU-0A  waa  diaahlad  by  Safety  Supplement 
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BTIOI 


ME-70A/KM-6 


T.O.  S3Al-*13-3-SS-3-l  ind  TCTO  33X1^13-3*510, 
Tlkli  modmcntlon  wam  iccgmptUhtd  to^llminaU^pO" 
tenUal  iiXety  hiurd  tlial  exUttd  wtw  ttu  uwter 
protection  rtUy  «m  tripped.  fil(h  TOltig«  eotilit  be 
F7«Miit  tvtn  though  tb*  mtttr  indicattd  stro  volttgi 
atid  no  onrlotd  Indttcatton  wu  prcMnt. 

1-ia*   WLTIMBTER  1I£-70C/]>9U-«B. 

1-10*  IMtlatetttr  U£-70C/FSM-eD  U  tb*  btsle  In- 
atrumtnt  for  th«  AN/PSM^B«  It  U  tb»  latne  u 
model  ME-70Q/PSM-eA  with  tb*  «3(c«ptloa  of  btvlnf 
the  overload  protective  eyctem  operative*  Ttali  eye^ 
tern  U  Incorporated  to  protect  the  ImtmnwDtagainit 


damage  due  to  toeorrect  settlnga  of  the  RANGE  or 
FUKCnOEK  jwltch  or  Incorrect  polarltj  ofteetlead 
eoonectloo.  An  Integral  OVERLOAD  RESET  button  la 
provided  to  reftore  normal  cperatlotu  TbU  eyetem 
U  capable  of  protecting  every  RAHQE-FUNCTION 
combination  under  the  foUowtng  maximum  ccodl- 


a.  From  a  power  oource  having  3000  volte  open 
elrtutt^  capable  of  delivering  a  maximuw  abort- 
circuit  current  of  379  ma  and  a  maximuti 
current  of  30  amperea  which  decayi  to  iOO 
wttUn  3  mllllaecoads; 


1*3 


3 


(1)  2000  Tolts  de  appllAd  In  tba  lormd 
(UncUon 

(3)  3000  ToLts  dc  appUwl  In  tba  rtvtrM 
dtrtcUoik 

(3)  2O0OvolUacat00cpa, 
b.   Ftom  a  power  ikKtrc«  tiot  requii^  tmtltl- 
meter  to  dliatpat«  more  than  790  watte  of  pow«r  In 
any  current  twci' 

(1)  10  ampertfl  de  applied  In  the  forward 
dlrectloii 

(3)  10  amperes  de  applied  in  the  reverse  di- 
rection 

{3)   10  amperes  ac  at  60  cps* 

Non 

Because  of  the  varlafaUlty  amotif  identical 
components  with  respect  to  their  ability 
to  withstand  peak  overload  voltages  and 


currentSp  the  number  of  overloads  for 
which  any  Individual  multtmeter  Is  pro- 
tected  will  vary  from  unit  to  unit* 

1-30,  HANDLE. 

1-21*  The  mAtlmeter  handle  has  been  designed  to 
serve  a  dual  lUnctioiu  In  addition  to  carrying  or 
suspending  the  multlineter,  the  handle  may  be  folded 
bode  and  locked  Into  the  pins  projecting  from  the 
case^  as  shown  at  the  left  of  llgure  l-4p  to  form 
an  easel  support  which  holds  the  Instrument  at  a  30- 
degree  an^e  so  that  It  may  be  used  more  convenient- 
ly on  a  bench  or  table.  To  lockthe  handle  in  its  stowed 
posttion»  lold  It  over  the  top  of  the  case,  as  shown 
at  the  right  of  figure  1-4,  and  pull  forward  the  bottom 
of  the  handUe  hinges  until  a  positive  lock  Is  obUlned. 
To  unlock,  push  the  bottom  of  the  hinge  toward 
the  batk  of  the  instrument. 
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S7010000*005 


1-22.    MULTIHAWGE  INSTRUMENT  SHUNT 
MX-140d/U, 

1-23.  This  shunt  Is  supplied  to  extend  the  current'* 
measuring  range  of  the  multlnieter  to  a  maxlttnim  of 
10  amperes.  It  consists  of  two  low«reslstai>ce  shunt 

M  5 


sections  within  a  plastic  case,  to  be  used  either 
for  the  0  to  2.5  ampere  or  0  to  10  ampere  range. 
The  shunt,  together  wUh  the  other  Items  described 
below.  Is  stowed  In  a  compartment  under  the  cover 
lid  when  not  In  use. 
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EASEL  POSITION 


STOWED  POSITION 


1-24.    TEST  PROD 

1-25.  This  teat  prod  U  an  external  hlgl^TOltase 
multiplier  which  extends  the  dc  TOltafe  range  of 
the  equipment  to  5000  volts.  It  U  used  only  wtth  the 
20,000  ohiit«/voU  dc  scale.  The  prod  casing  U  con- 
structed of  plastic  with  a  high  voltage  breakdown 
rating,  but  It  is  not  designed  to  be  connected  or  dls-^ 
connected  while  the  source  of  high  voltage  Is  turned 
on. 

1-26.    TEST  ADAPTER  UX-141VU. 

1-27.  Standard  crystal  current  measurements  re^ 
quire  a  lOO-ohnt  impedance  at  the  terminals  of 
the  meter  circuit.  The  test  adapter  Is  designed  to 
adapt  a  phone  pfug  oiriput  to  the  test  leads  of  the 
multimeter,  and  contains  a  built-in  resistor  to  pro- 
vide a  total  meter  Impedanes  of  100  ohms  with  the  . 


adj^r  In  use< 

1-28.  TESTL£ADSETCX-214(l/UORCX-2140A/tJ. 

1*29.  Four  f#et  of  cable  Is  used  to  eonple  the 
circuit  under  test  to  the  multlineter.  The  plugs  which 
connect  into  the  meter  lacks  are  of  tbi  Interlock 
type.  To  connect  plug  to  the  multimeter,  slide  the 
front  part  of  the  plug  bsclnvards  sad  insert  the  plug 
into  the  Jack*  The  Tfiiag  will  lock  automatically  and 
cannot  be  disengaged  until  the  rear  portion  Is  slid 
Idnrard  to  meet  tlie  front  portion  again*  Two  de- 
tachahle  alligator  dips  are  ftmlslisd  with  the  multi- 
meter tor  use  as  desired,  A  pair  of  spars  idugs  Is 
also  sun^Ued  wtth  nmltlmetars  hsvlng  serlalimmiers 
below  2520$iH  Ihstmctlons  tor  the  assesifaly  of  plugs 
to  the  leads,  and  also  tor  the  repair  of  brofeen  leads 
are  provided  In  the  Service  Ifsnual  tor  this  equip- 
ment* 
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sccnoN  II 

PRCPAftATION  FOR  USE 


2.1,  OSNIRAU 


2*2.  Tttli  MCtton  is  not  appllcablt.  R<fer  to  th< 
appllcabl«  stctlon  In  the  Service  Manual. 


SECTION  III 
OPERATION 


3.1,  OPIRATtNG  CONTROLS, 


awltch. 


3-a.   FUNCTION  SWnCH.  (See  figures  3-1  and  3-2.)      3-6,   OHlblS  ZERO.  (3ee  figures  3-1  and  3-2.) 


3-3.  The  FUNCTION  ewltch  U  located  at  the  lower 
left  of  the  multimeter  panel  and  provides  the  meana 
for  aettlng  the  instrument  for  the  particular  electrical 
characterlitlc  to  be  measured* 

3-4.   RAlfQE  SWITCH.  {See  figures  3''1  and  3-2  J 

3-5.  The  HANGE  switch  Is  located  at  the  lower 
right  of  the  panel.  Once  the  FUNCTION  switch  has 
been  set,  the  correct  instrument  range  to  provide 
an  accurate  scale  Indication  is  set  with  the  HANGE 


3*1.  The  OHMS  ZERO  control  is  located  directly 
below  the  meter  on  the  panel,  and  is  used  only  Ir 
resistance  measurements  to  zero  the  meter  for 
changes  in  range  or  battery  voltage. 

3-8.    OVERLOAD  RESET  BUTTON  (AN/PSM-6A 
AND  AN/P3M-6B  ONLY).   (See  figure  3-aJ 

3-9.  The  OVERLOAD  RESET  button  is  inoperaUve 
in  the  AN/PSM-6A.  Refer  to  MULTIMETER  ME- 
10E/PSM-6A  (Section  I),  The  OVERLOAD  RESET 


hCSCT  flUTTOM 


OHMS  ZERO 
FUNCTION'     CONTROL  ^ANGP 
SWITCH  SWiTCri 


fjgvre  AN/PSM.6  Ope^^ofing  Cbnfroh 


FUNCTION 

Switch 


Ohms  zcro 

CONTROL 


Switch 


Confroh 
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^r«(|rapK*  3J0  b  3*30 

buttcm  on  the  AN/PSM*6D  Lndicatot  red  «hin 
Overload  hte  occurred*  The  overload  protective  eye- 
tern  Li  reactivated  by  disconnecting  the  test  leads 
from  the  circuit  under  teet  and  depreselnc  the 
OVEHLOAO  iHESET  button  so  that  the  red  Indi- 
cation dliwppeare* 


CAUTION 

Do  not  hold  the  OVERLOAD  HESETbutton 
during  an  overload  condition  «lth  the  test 
leadj  coiutected* 

3.10.  OfERATtNG  PROCEDURES. 
3JL  fRCUMINARY, 

3-12.  U  th«  Instrument  has  never  been  used  before, 
a  battery  voltage  check  may  be  made  as  foUoiivs: 

a.  Set  the  FUNCTION  3>ivltch  at  OHMS  and  the 
RANGE  switch  at  XK 

Plug  the  test  leads  Into  the  meter  Jacks  and 
short-circuit  the  test  lead  tips  together. 

c.  Adjust  OHMS  ZERO  knob  until  themeter pointer 
15  exactly  at  zero  on  the  OHMS  scale. 

d.  Repeat  step  c  with  RANGE  switch  set  at  XIO, 
XlOO,  XIOOO,  and  XIO.OOO,  respectively.  If  pointer 
cannot  be  zeroed  on  all  ranges,  the  battery  voltage 
is  low.  Instructions  lor  replacing  the  battery  are 
found  in  the  Service  Manual. 


VARHING  -  Deleted 


3-13.    DC  VOLTAGE  MEASUREMENTS. 

3-14.  DC  voltages  may  be  measured  In  the  range 
ol  0  to  1000  volts  at  a  sensitivity  ol  either  tOOO 
ohms/ volt  or  a  sensitivity  of  20.000  ohms/ volt. 
The  use  ol  Test  Prod  MX-1410/U  permits  voltage 
measurements  up  to  SOOO  volt^  at  a  sensitivity  of 
20,000  ohms/volt  only.  To  measure  dc  voltages  in 
the  range  of  0  to  1000  volts,  the  procedure  Is  as 
follows : 

a.  Set  FUNCTION  switchatDCV-20Kn/VorDCV- 
IKn/V  as  desired. 

b.  Set  RANGE  switch  to  desired  range. 


CAUTION  i 


Whenever  taking  any  unknown  voltage  or 
current  measurement,  always  set  RANGE 
switrh  to  ht(;hc»t  range  first  and  then 
dfcrmsc  until  thn-  nivpropriate  ranf^e  is 
reached.  Failure  to  observe  this  pre* 
caution  may  result  In  overload  and  pos- 
sible damage  to  the  meter  or  circuit 
components* 


0,.  plug  test  leads  Into  meter  Jacks, 
d.   place  the  test  lead  tip  at  the  points  between 
which  the  voltage  is  to  be  measured,  wtth  the  red 
lead  connected  to  the  positive  side.  If  the  meter 
deflects  backwards,  reverse  test  lead  connections. 

3-1?.^  HIQH  DC  VOLTAORS(to  5000V  DC.  20.000 
ohms/ volts  only)» 

3-16.  For  voltages  between  lOOO  and  sOOO  volU 
dc,  Teet  Prod  MX-1410/U  must  be  used.  The  pro- 
cedure is  as  follows: 

a.  Set  FUNCTION  sxvltch  at  DCV-20Kn/V. 

b.  Set  AANGE  switch  at  500. 

c.  Plug  test  leads  Into  meter  Jacks. 

d<  Plus  tip  of  red  test  lead  into  Pin  Jack  end  of 
test  Ptod  for  positive  voltage.  Plug  Up  of  black  test 
lead  Into  Pin  Jack  end  of  test  prod  for  negative  voltage. 


WARNING 


B€  sure  equipment  under  test  ts  turned 
off  before  attempting  to  connect  test  prod 
or  test  leads. 

Do  not  turn  on  until  test  leads  are  clipped 
Into  place. 

e.  Connect  the  clip  of  the  high  voltage  test  prod  to 
the  positive  side  of  the  source  for  positive  measure- 
ments, or  to  the  negative  side  of  the  source  for  neg- 
ative measurements.  Attach  an  alligator  clip  to  the 
remaining  test  lead  tip  and  Connect  It  to  the  other  side 
of  the  voltage  source*  observing  polarity. 

f.  Turn  on  high  voltage.  Read  on  meter.  Full 
scale  deflection  corresponds  to  SOOO  volts. 

3-17.    AC  VOLTAGE  MEASUREMENTS. 

3-18.  AC  voltage  may  be  measured  In  the  range  of 
0  to  1000  volts  at  a  sensitivity  of  1000  ohms/volt. 
The  procedure  le  as  fbllows: 

a.  Set  FtmCTION  switch  to  ACV-lKn/V  and 
RANGE  switch  to  desired  range. 

b.  Plug  test  leads  Into  meter  Jacks. 

c.  Connect  test  lead  tips  to  circuit  being  meas- 
ured. 

NOT! 

The  Internal  rectifier  in  the  multimeter 
Is  designed  to  operate  at  frequencies  up 
to  api^roxlmately  1000  cycles  per  second. 
Measurements^  made  at  higner frequencies 
wUl^  therefore,  suffer  in  accuracy. 

3-ld.    OUTPUT  MEASUREMENTS  (AN/PSM-6 
ONLY). 

3-20.  The  procedure  fbrmaklngoutputvottagemeas- 
urements  is  identical  to  that  for  ac  voltage  except 
that  the  FUNCTION  switch  is  set  at  OUTPUT.  Id 


3*2      Change  4 
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thld  position,  ft  oitf-mlcrofarftd  capftcltor  l»  pUced 
In  a^rU*  with  one  tist  lead  lo  that  Any  dc  component 
of  the  volume  being  meafured  U  blocked  out«  Since 
the  Impedance  of  this  capacitor  varleewlth^tequency, 
the  accuracy  of  any  output  voltage  measured  will 
depend  upon  lU  frequency* 


Sectt^n  III 


NOT! 


Exceaelve  contact  realatanec  on  the  load 
circuit  side  will  reduce  the  measurement 
accuracy  considerably.  Care  should  be 
exercised  to  keep  this  resistance  at  a 

minimum* 


CAUTIOM 


Any  ac  voltage  with  a  dc  component 
above  200  volts  will  damage  this  capac- 
itor. For  such  measurements,  use  ac 
setting  and  suitable  external  series  ca- 
pacitor. 


3-21.    PULSE  DC  MA  (AN/PSM-6AANDAN/PSM-eB 
ONLY). 

3-22*  The  procedure  for  maklim;  pulsed  dc  current 
measurements  Is  Identical  to  that  for  DC  CURRENT 
MEASUREMENTS  except  that  the  FUNCTION  switch 
Is  set  at  PULSE  DC  MA. 

3-23.    DC  CURRENT  MEASUREMENTS. 

3-24.  DC  currents  trom  0  to  1  ampere  may  be 
measured  directly  on  the  multimeter^  and  currents 
up  to  10  amperes  may  be  measured  with  the  use  of 
Instrument  Shunt  MX-140Q/U.  The  procedure  Is  as 
Xbllows: 

a.  Set  FUNCTION  switch  to  DC  MA. 

b.  For  measurements  up  to  1  ampere,  set  RANGE 
switch  at  desired  range* 

c.  Plug  test  leads  Into  meter  jacks*  Connect 
other  end  of  leads  In  series  with  circuit  under  test 
while  the  power  is  otL  Turn  onpoverand  read  meter. 

d*  For  meajurements  above  1  ampere,  connect 
test  lead  Ups  to  ±  and  2,5A  pin  lacks  or  ±  and  lOA 
pin  Jacks  (as  desired)  on  shunt*  Connect  circuit 
under  test  to  corresponding  load  circuit  binding 
posts*  The  RANGE  switch  Is  set  at  2«5  or  10  as 
requli^* 


e*  Turn  on  power  and  read  meter  For  a  RANGE 
switch  setting  of  2.5,  full-scale  deflection  corresponds 
to  2«5  amperes  and  for  a  RANGE  switch  setting  of 
10,  full-scale  deflection  corresponds  to  10  amperes* 

3-25*    RESISTANCE  MEASUREMENTS. 

3-20.  To  measure  resistance  from  0  to  10 megohms, 
the  procedure  Is  as  follows; 

a«  Set  FUNCTION  switch  at  OHMS. 

b*  Set  RANGE  switch  at  proper  multiplier  so  that 
estimated  value  of  resistor  to  be  measured  will  UXi. 
In  die  fighc  hand  portion  of  the  <ihiiUQetef  scale. 

c*   Plug  test  leads  into  meter  jacks. 

d*  Short  circuit  the  free  ends  of  the  test  leads. 

e«  Adlust  OHMS  ZERO  control  until  meter  pointer 
reads  zero  on  the  OHMS  scale.  This  adjustment  should 
be  repeated  each  time  the  RANGE  switch  setting  Is 
changed  to  obtain  masdmAtmaccuracyofmeasurement. 

U  Clip  the  test  lead  ends  across  the  resistance 
to  be  measured.  Read  resistance  on  OHMS  scale* 

3-27.    100-MICROAMPERE  SPECIAL. 

3-2S.  With  the  FUNCTION  switch  set  at  100  ^  A 
SPECIAL  and  the  RANGE  switch  In  any  position,  the 
multimeter  becomes  aOtolOOmlcroamperedc micro- 
ammeter  measuring  the  current  In  series  with  the 
test  leads. 

3-2a*   CRYSTAL  CURRENT  MEASUREMENTS. 

3-30.  To  make  standard  measurement  of  crystal  cur-* 
rent,  Test  Adapter  MX«*1411A7  Is  used  as  follows: 

a*  Set  FUNCTION  switch  to  DC  MA. 

b.   Set  RANGE  switch  to  2«5« 

c*  Plug  test  leads  into  meter  jacks  and  connect 
test  lead  tips  to  pin  jacks  on  adapter* 

d*  Connect  phone  plug  to  test  circuit  and  read 
current  on  2*5  miUlampere  scale. 


SECTION  rv 

OPERATION  IN3TRUCTION3 


4-1.  GENEftAL. 

4-2.  ThlD  sdcllon  conULns  theory  of  operation  and 
operation  inslructlona  for  Ihe  AN/if3M-39S.  Detailed 
test  procedures  are  contained  in  Secllon  V. 

4-3.  THEORY  OF  OPERATION. 

4-4*  The  theory  of  operaUon  for  the  AN/IJ3M^98 
la  covered  by  a  block  diagram  (figure  4-1)  and  by 
functional  diagrams  (figures  4*2  and  4*3)4  The  as* 
socUted  descriptions  are  contained  In  the  paragraphs 
which  follow* 

4*5*  CHANNEL  I  AND  2  V  mPtTT  ROUTING*  (See 
figure  4*U)  The  CHI  and  CH2  V  input  signals  are 
applied  to  corresponding  attenuators,  either  directly 
or  through  the  voltage  divider  probe  supplied  with 
the  probe  kit.   Use  of  the  probe  does  not  load  the 
circuit  under  tast  but  doee  divide  the  input  voltage 
by  a  to  to  I  ratio*  The  attenuators  provide  additional 
signal  attenuation,  coupling  selection,  attenuator 
compensation!  and  input  capacitance  adjustments. 
The  output  of  each  attenuator  U  applied  to  a  balanced 
two*FET  input  amplifier  which  provides  a  signal  gain 
of  unity  ^nd  a  high  input  impedance^  The  step  atten* 
uator  balance  adjustment  U  performed  in  the  input 
amplifier. 

4-8*  Separate  preamplifiers  for  each  channel  provide 
the  gain  req;ulred  to  drive  the  V  Output  ampUHer 
through  the  channel  switch,  buffer  amplifler,  and 
delay  line*  By  means  of  balanced  blfllar  cable  delay 
line  DLl,  the  in{»]t  signals  are  delayed  ISO  ns  to 
allow  the  ttmebase  circuits  sufficient  time  to  respond 
to  internal  trigger  signals  and  permit  display  of  the 
entire  input  signal  on  the  CRT  screen.  The  CH2 
preamplifier  includes  a  reversing  switch  designated 
PULL  TO  INVERT  CH2,  which  permits  a  reversal 
of  CH2  display  polarity.  The  CHa  input  Is  also  routed 
to  the  CH2  Output  amplifier  before  reaching  the  chan* 

^  nel  switch.  This  provides  an  output  of  the  CH2  signal 

*  at  front  panel  connector  J5. 

4-7.  DISPLAY  CONTROL,  The  AN/U5M-398  U 
capable  of  operation  in  three  vertical  modes.  These 
are  listed  below,  along  wtth  their  variations. 

I*  Singte*trace  mode,  displaying  either  of  the 
following; 

a.  CHI  only,  in  the  normal  polarity  (positive 
signals  deflect  up  on  the  CRT) 


b,  CH2  Only*  in  either  normal  or  invsrUd 
polarity  (depending  on  the  estting  of  the  PULL  TO 
mVERTCH2  ewltch) 

2.  Dual-trace  mode*  displaying  both  channels  at 
Once  in  either  of  the  two  following  forms; 

a.  CHI  with  CH2  normal  (positive  up) 

CHI  with  CH2  Inverted  (negaUve  up) 

Channel  switching  between  the  two  channels  may 
take  place  eiiher  synchronously,  with  alternate 
sweeps,  or  asynchronously,  at  a  400-kKs  chop  rate* 

3*  Added  (CHI  L  CH2)  mode,  in  which  the 
two  channels  are  combined  algebraically  to  produce 
a  single  trace  display  representing  either  of  the 
following: 

a*  CHI  4  CH2 

b.  CHI  *  CH2 

4*8*  These  three  display  options  are  available  with 
the  X  deflection  controlled  either  by  the  internal 
tlmebase  circuits  (TIME/CM  switch  positions  *9  uS 
through  I  SEC)  or  by  an  external  source  (TIME/CM 
switch  positions  EXT  X  and  X*lO*  The  selection 
of  which  channel  infbrmatlon  Is  to  be  displayed  on 
the  CRT  at  any  given  time  (CHI  and/or  CH2)  Is 
determined  by  the  CHI  and  CH2  eteerlng  inputs 
developed  by  the  channel  switch  multivibrator  (MV). 
When  active,  each  of  these  steering  inputs  causes 
the  signal  from  the  associated  chamiel  to  pass  through 
the  channel  switch  and  be  applted  to  the  buffer  ^m* 
plifler*  In  producing  the  steering  inputs,  the  channel 
switch  UY  is  programmed  by  the  CHI  and  CH2 
selector  ewitches  (which  are  ganged  with  the  re- 
spective position  controls),  the  TIM2/CH  tlmebase 
switch^  the  SEPARATE  -  CHI  &  CH2  mode  switch, 
and  the  channel  ewltchlng  pulses  provided  by  the  chop 
MV.  As  noted  in  the  preceding  paragraph,  channel 
Switching  can  occur  either  ejnchroooitfly,  alternating 
with  succeseive  sweeps  (alternating  mode),  or  asyn* 
chronousty,  with  the  chop  MV  free-mmtlng  at  400 
kHz  (chop  mode).  This  eetection  of  the  mode  at 
channel  switching  Is  available  for  all  dual-trace  op* 
eration,  whether  horizontal  deflection  U  coniroUed 
internally  or  externally*  fbr  most  purposee,  the 
alternate  mode  of  channel  switching  Is  used*  The 
chop  mode  Is  used  only  to  prevent  flicker  in  the  dis- 
play. Consequently,  use  of  the  chop  mode  should  be 
restricted  to  TIME/CM  switch  settings  of  I  mS 
through  I  SEC* 
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4-9,  Th«  chftiuiil  iwltch  MV  iftlacti  CHI  and/or 
cm  In  on«  of  thi  four  foUowlng  modw; 

1,  m  thft  0lncl«  trac«  mod«»  th«  ohum«l  twitch 
MV  10  held  in  «lth«r  the  let  or  met  fUte»  osiuilng 
either  CHI  or  CH2  to  be  lelected  contlnuouily, 

2,  m  the  dtiii  trace  mode»  the  chuuiel  ewltch 
MV  le  made  blitable^  cttuilngthe  channel  selection 
to  twitch  from  one  channel  to  the  other  ai  each  chan* 
nel  ewltchlng  puUe  le  received  from  the  chop  MV. 
Ai  itated  prevlouely,  channel  twitching  can  occur 
either  asynchronouely,  at  the  400-UIs  chop  rite,  or 
eynchronouely,  at  the  eweep  rate. 


3,  In  the  combined  or  CHI  &  CH3  mode,  both 
CHI  and  CH2  are  made  contlnuouily  active.  The 
CHI  and  CH3  information  le  thus  added  or  subtracted 
(depending  on  the  FULL  TO  INVERT  CH2  ewltch 
poiltlon)  and  displayed  as  a  single  trace, 

4,  In  the  x-Y  mode,  as  In  the  slngls-trace  mode 
for  CH2,  CH3  le  selected  continuously  while  the 
eelectlon  of  CHI  Is  locked  oat.  In  this  mode,  only 
CH2  supplies  Y  deflection  information  while  CHI  le 
need  In  place  of  the  eweep  circuits  to  develop  the  X 
signal  for  the  X  output  amplifier, 

4-10*  As  noted  In  the  preceding  paragraph,  channel 
switching,  during  dual-trace  operation,  le  initiated 
by  channel  switching  pulsee  produced  t>y  the  chop 
MV,  The  chop  MV  also  provldee  chop  blanking 
pulses  which  blank  out  the  CRT  beam  while  It  le 
moving  between  the  two  traces.  In  producing  the 
channel  switching  and  chop  blanking  pulsee,  the  chop 
MV  le  programmed  by  thti  CHl  and  CH3  eelector 
ewltchee  (ganged  with  the  vertical  position  controle). 
the  TME/Qhl  timebase  evltch,  the  ALT -CHOP  mode 
svltchf  and  the  end  of  the  sweep  gate  pulees  from  the 
tlmebaee  MV,  The  chop  MV  generaUs  channel 
switching  and  chop  blankittg  pulses  in  one  of  the  two 
following  basic  modes; 

1*  In  the  aitemate  mode,  the  chop  MV  le  made 
monoetable,  causing  one  channel  switching/chop 
blanking  puieo  to  be  generated  with  each  end  of 
sweep  gate  pulse  received  from  the  tlmebaee  MV 
at  the  end  of  the  eweep.  This  causes  the  switching 
of  channels  to  be  eynchronlxed  with  the  end  of 
each  eweep. 

2*  In  the  chop  mode,  the  chop  MV  Is  made  free- 
running,  cauelng  channel  switching/chop  blanking 
pulees  to  be  generated  asynchronously  at  a  nominal 
400-kHz  rate.  ^ 

4-11.  Slngle-TriMreMode.  With  the  SEPARATE - 
CHI  L  CHS  switch  In  the  SEPAHATE  position,  the 
TIME/CM  ewltch  In  any  but  the  X'^Y  position,  and 
with  one  (and  only  one)  of  the  CHl  and  CH3  selector 
Switches  set  to  Its  active  position  (l*e*,  df  the  OFF 
detent),  eelectlon  of  the  associated  chaonellsunlock* 
ed  in  the  channel  switch  MV*  The  other  channel  re- 
mains locked  in  the  uneelected  (OFF)  poeltlon.  This 
prevents  the  switching  of  channels  by  the  channel 


switching  pulses  from  thi  chop  MV,  Although  nei- 
ther channel  switching  nor  chop  blanking  pulses  are 
rs(|ulrsd  for  slngle-tracs  operation^  tlte  chop  MV 
Is  caused  to  operate  in  the  alternate  mode  by  the  en- 
able altsmate  mode  input  produced  when  one  of  the 
CHlf  CH3  selector  switches  Is  In  the  OFF  poeltlon. 
As  previously  noted,  the  channel  ewltchlng  pulses 
from  the  chop  MV  have  no  effect  on  the  channel 
switch  MV  when  the  latter  Is  In  single-trace  mode. 
Furthermore,  since  only  one  channel  Is  Involved,  the 
chop  blanking  pulsee  in  this  mode  simply  reinforce 
the  sweep  retrace  blanking  on  the  CRT< 

4*12,  Dual*Trace  Mode,  with  all  swltchss  set  as 
previously  described  but  with  both  the  CHl  and  CH3 
selector  ewitches  set  to  their  active  poeltions  (l,e,, 
neither  ewltch  In  the  OFF  detent),  the  sclsctlon  of 
both  channels  Is  unlocked.  However,  since  the  chan- 
nel switch  MV  opsrates  as  a  bistable  device  In  this 
mode,  only  one  of  the  two  channels  wlU  actually  be  se- 
lected at  any  ffiven  Instant,  The  selection  alternates 
with  each  channel  switching  pulee  received  from  the 
chop  MV,  In  this  dual  trace  mode,  channel  ewltchlng 
and  chop  blanking  occur  as  specified  by  the  positioning 
of  the  CHOP-ALT  switch,  exceptwhsn  the  TIME/CM 
ewltch  is  in  the  EXT  X  position.  In  this  poelUon,  the 
sweep  circuits  are  not  triggered,  the  horlaontal  (X) 
deflection  of  the  display  being  controlled  by  an  ex* 
temal  source.  The  resulting  absence  of  the  end  of 
sweep  pulses  makes  alternate  operation  of  the  chop 
MV  Impoeslble  and  the  free-running  or  chop  mode 
must  be  forced.  This  le  done  by  Interrupting  the  -IS* 
volt  supply  to  the  CHOP-ALT  switch  when  the  TIME/ 
CM  ewltch  is  in  the  EXT  X  poelUon, 

4-13*  Added  (CHl  4  CH3)  Mode.  Switching  the 
SEPARATE  -  CHl  L  CH2  switch  to  the  CHl  &  CHS 
poeltlon  while  retaining  all  other  switch  settings  wiU 
force  both  the  CHl  L  CH2  outputs  of  the  channel 
switch  MV  to  become  active  together,  thus  select- 
ing both  channels  simultaneously.  As  noted  before, 
the  result  of  this  dual  channel  eelectlon  is  a  contin- 
uous summing,  in  the  buffer  amplifier,  <^  the  Input 
amplitude  of  CHl  with  either  the  normal  or  Inverted 
elgnal  input  amplitude  of  CH2*  As  previously  noted, 
this  CH2  polarity  le  under  control  of  the  FULL  TO 
INVERT  CH2  ewltch.  The  output  from  the  CHl  & 
CH2  poelUtHi  <d  the  SEPARATE  -  CHl  L  CHS  switch 
la  also  applied  to  the  chop  MV  to  force  alternate  cp- 
eraUon,  Thus,  in  this  mode  (as  In  the  single  trace 
mode)  the  chop  blanking  reinforces  the  timebase  re- 
trace blanking  of  the  CRT, 

4-14,  X-Y  Mode*  With  both  channeU  unlocked  by 
the  CHl  and  CH2  selector  switches  and  with  the 
SEPARATE  -  CHl  L  CH2  ewltch  returned  to  the 
SEPARATE  position,  setting  the  TIME/CM  switch  to 
Its  X-Y  poeiUon  wlU  force  a  selection  of  CH2  for  the 
Y  inputs  while  locking  out  the  selecUon  of  CHl.  In 
this  mode.  CHl  Is  used  to  supply  the  X  Input,  Since 
this  mode  uses  only  a  single  trace,  neither  channel 
ewltchlng  nor  chop  blanking  pulses  are  required. 
Consequently,  the  chop  MV  Is  left  Idle,  The  -15* 
volt  supply  routed  through  the  X-Y  poeltlon  of  the 
TIMEATM  switch  prevenM  chop  operation  by  forcing 
altemate  operation*  However,  alternate  operation 
does  not  occur  since,  in  the  absence  .of  a  trigger  in<^ 
put,  no  end  of  sweep  pulses  are  present. 
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4*15»  D«taltedClrcultOperation«  (Seehgur64-2.) 
The  detailed  circuit  OfMratlon  of  the  display  control 
clrculte  la  given  In  the  following  paragrapha.  Thaae 
deacrlptlona  conaider  na  separate  entitles  the  chop 
MVf  the  channel  switch  MV,  and  the  channel  switch. 

4-ie.  The  chop  MV  contains  translators  Q401  and 
Q402»  In  the  chop  mode,  theae  operate  as  an  emitter 
coupled  astabls  MV  whose  frequency  of  400  kflz  Is 
determined  by  the  values  of  capacitor  C406  and 
resistors  R405  and  R412.  The  circuit  acts  as  a 
monoetable  MV  when  the  alternate  mode  of  channel 
switching  Is  used.  In  the  alternate  mode,  the  circuit 
produces  one  pulse  per  tlmebase  sweep  ae  Initiated 
by  the  end  of  eweep  gate  pulse. 

4*17.  When,  during  one  of  the  operating  modes  de- 
scribed In  the  preceding  paragraphs,  the  chop  MV 
Is  put  Into  the  atternate  mode,  a  *15*voU  signal  Is 
supplied  to  ths  chop  MV  by  one  of  the  switch  posi- 
tion combinations  associated  with  the  active  mode. 
This  *15*volt  level  coupled  through  resistor  R406 In* 
creases  current  through  transistor  Q401  and  cuts  off 
transistor  Q402.  The  emitter  of  transistor  Q403  is 
prsvented  from  going  as  negative  as  the  base  by 
diode  CR401  which  Is  reduced  to  a  fbced  voltage  de- 
termined by  resistors  R410  and  R411.  The  negative- 
going  end  of  sweep  gate  pulse  thus  finds  the  circuit 
In  a  monostable  condition  which  it  triggers  and  pro- 
dvices  a  high  amplitude  pulse  at  the  collector  of  tran- 
slator Q402«  This  pulse  Is  nominally  less  than  1  us 
In  duration  and  is  used  to  trigger  the  channel  switch 
MV  and  blank  the  CRT  trace  while  the  channel 
Switch  la  dynamically  active.  Two  outputs  are  taken 
from  the  collector  of  transistor  Q402.  One  Is  routed 
as  a  chop  blanking  pulse  to  the  CRT.  The  other  le 
attenuated  by  resistor  R4a9  and  then  fed  as  drive  to 
the  channel  switch  MV. 

4-18,  The  channel  switch  MV  circuit  contains 
transistors  Q407  and  Q408  which,  In  the  dual*trace 
mode,  produce  a^-  2  function  when  driven  by  the 
channel  switching  pulses  from  the  chop  MV.  The 
Input  trigger  from  the  chop  MV  la  steered  to  the 
respective  base  by  diodes  CR403  and  CR409, 

4-19.  The  *r  ^  operation  isaf^nctlonofthesettlnga 
of  the  CHI  and  CH2  selector  switches.  Fordualtrace 
operation,  neither  the  CHI  nor  CH2  switch  may  beat 
the  OFF  setting  and  Input  realstors  R4S2  and  R494of 
the  channel  switch  MV  are  connected  via  the  selec- 
tor switch  (ganged  with  each  CHI,  CH2  position  con* 
trol)  to  *15  volta.  Aa  a  result,  diodes  CR402  and 
CR406  are  cut  off  and  the  circuit  Is  unlocked,  allow- 
ing It  to  Operate  In  the     2  bistable  mode. 

4-20*  If  the  CHI  selsctor  on  ths  position  control  is 
set  to  OFF,  the  -15  volts  is  disconnected  and  current 
flows  Into  the  base  of  transistor  Q407  via  resistor 
R429  and  diode  CR402.  This  locksthe  channel  Switch 
MV  and  biases  Itintothe  condition  required  for  sin- 
gle trace  CH2  operation.  The  circuit  is  similarly 
locked  and  biased  if  the  CH2  eelector  switch  la  set  to 
OFF  with  the  collectors  of  transistors  Q407  and  Q408 
(which  steer  the  respective  channel  switches)  at 
opposits  levels  from  those  foindln  CHI  OFF  mode. 

4-21.  If  both  CHI  and  CH2  selector  awltchea  are 
set  to  OFF,  diodes  CR404,  CR407,  and  CR220  and 
resistors  R322  and  R321  apply  aposltivebass  bias  to 


transistors  Q407  andP^OS.  This  ensures  that  both 
channels  ars  locked  in  the  unselectsd  state,  in  the 
CHI  &  CH2  mode,  realstora  R459  and  R470  are  con- 
nected to  -19  volts.  These  cut  off  both  transistors 
Q407  and  Q408,  which  In  turn  cause  the  channel 
switch  to  switch  On  both  channels  simultansously  to 
provide  channel  summing.  The  SEPARATE  -  CHI  & 
CHS  switch  (S25)  also  selects  the  appropriate  opera- 
ting bias  for  the  buffer  amplifier. 

4-22.  The  channel  switch  consists  principally  of 
eight  diodes  CR203  through  CR210  and  is  used  to  im- 
plement the  channel  selection  established  by  the 
channel  switch  MV.  When  the  CHI  steering  Input 
from  the  channel  switch  MV  Is  positive,  diodes 
CR203  and  CR205  art  cut  off,  permitting  the  passage 
of  the  balanced  output  from  ths  CHI  preampUfler 
through  diodes  CR204  and  CR206  to  ths  buffer  ampU- 
fler,  When  the  CHI  steering  Input  Is  negative,  diodes 
CR203  and  CR205  conduct  and  diodes  CR204  and 
CR20S  are  cut  off,  blocking  passage  of  the  signal  to 
the  buffer  amplifier.  A  aimllar  action  occurs  inthe  CH2 
sectlonof  the  channel  switch.  The  passage  or  blocking 
of  signals  by  theae  two  channel  eteerlng  inputs  makes 
possible  the  display  modeedeacrlbed  earlier. 

4-23.  TRIGGER  CIRCUITS.  (See  figure  4-1.)  In 
all  tlmebaae  pcelUona  of  the  TIME/CM  swltch{.5  uS 
through  1  SEC),  synchronization  of  the  display  la  es- 
tablished through  use  of  a  trigger  signal.  This  trig- 
ger signal  la  normally  derived  from  either  CHI  or 
from  CHI  and  CH2.  It  may  alao  be  derived  from  the 
line  power  or  an  external  source*  Following  pro- 
cessing, the  completed  trigger  signal  la  uaedwlthin 
the  sweep  circuits  to  fix  the  point  on  the  trigger 
waveform  at  which  each  sweep  begins. 

4-24.  Trigger  Selection*  The  type  of  trigger  to  be  * 
used  la  aelected  on  TRIG  SELECT  awltch  S5.  For 
moat  operating  conditions,  one  of  two  Internal  trig- 
ger eources  Is  used*  These  are  represented  on  the 
TRIG  SELECT  switch  by  the  positions  designated 
CHI  (a  trigger  derived  from  the  CHI  preamplifier) 
and  CHI  &  2  (a  trigger  derived  from  the  composite 
CHI  and  CH2  Information,  available  at  the  output  of 
the  buffer  amplifier)*  The  CHI  L  2  position  permits 
an  alternating  aynchronlzed  display  of  two  signals 
having  different  frsqtisncy  and  phase*  II  may  also  be 
used  for  triggering  from  CHI  or  CH2  when  either  of 
theae  Is  selected  for  a  slngls-trace  display*  Indual- 
trace  displays,  usa  of  the  CHI  &  2  position  of  the 
TRIG  SELECT  switch  must  always  be  accompanied 
by  alternate  mode  operation  of  the  chop  MV.  This 
ensures  stable  triggering  of  the  timabase  by  avoid- 
ing Interference  from  chop  switching  transients. 
These  transients  are  always  present  In  the  buffer 
amplifier  when  channel  switching  Is  being  carried 
out  in  the  chop  mo<te. 

4-25*  Selection  of  Una  or  external  trigger  la  not 
covered  at  the  block  diagram  level  but  is  described 
In  the  detailed  circuit  operation,  paragraph  4-29, 

4-2S.  Trigger  Processing*  Following  amplifica- 
tion and  switching,  the  selected  trigger  is  com|>ared 
In  Isvsl  with  a  level  established  by  the  setting  of 
LEVEL  control  R17,  established  manually  by  the  op- 
erator when  the  control  is  out  of  the  AUTO  detent. 
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Tb«  LEVEL  control  «ntbl<9  th#  operator  to  chooee 
th«  point  on  th«  trigger  waveform  at  which  tht  «we«p 
wUl  begin,  Thie  1b  the  point  at  which  the  Schtnltt 
trigger^  which  le  ueed  to  shape  the  trigger  elgnal^ 
win  fire*  When  the  LEVEL  control  le  turned  to  the 
AUTO  detent*  ganged  ewitch  50  opens  and  the  trigger- 
ing operation  becomes  automatic, 

4-27.  In  the  AXJTO  position,  the  LEVEL  control 
causes  ^bright  trace  to  be  produced  When  the  trigger 
signal  is  l0Bt»  repeats  at  less  than  40  H£»  or  becomee 
unretiible  during  AUTO  opsratlon*  Thle  Is  dons  bjr 
applying  an  auto  control  elgnal  to  the  bright  line 
auto  circuity  which  then  commands  the  eveep  to 
free-run  at  its  maximum  repetition  rate* 

4*2B.    In  addition  to  the  trlggsr  sources  described 
in  the  preceding  paragraphs,  It  Is.  also  possible  to 
operate  the  AH/USM-39Q  on  either  an  external  trig- 
ger or  on  a  trigger  derived  from  the  11ns  power* 
These  additlooal  options  are  dsscrlbed  In  the  follow- 
ing paragraph  cohering  detailed  circuit  operation* 

4*29*  Detailed  Circuit  Operation,  (See  figure  4-3*) 
The  trigger  eelector  switch  has  0  settings  as  follows^ 

LINE  >  or  - 

CHI  +  or  - 

CHI  &  2  or 
EXT  ♦or  - 

FHEE  RUN 

4-30p    On  TRIG  SELECT  switch  S5A  rear,  four  po- 
sitions corresponding  to  the   and  -  functions  of  CHI 
and  CHi  4^  2  are  utUiied  to  allow  a  common  ampli- 
fier for  the  associated  internal  trigger  signals*  This 
internal  trigger  amplUier  operates  in  a  grounded 
emitter  conAguration  with  negative  feedback,'  The 
output  of  the  internal  trigger  amplifier  Is  connected 
to  TRIG  SELECT  switch  S5A  front*  as  is  a  line  trig- 
ger, derived  from  a  winding  on  the  power  supply 
transformer,  and  an  external  trigger  connection,  ap- 
plied from  the  front-panel  EXT  TRIG  connector  J3, 
via  the  RC  network  of  Rl$  and  C7*  This  network 
attenuates  the  input  level  of  the  external  trigger  sig- 
nal to  effectively  increase  trigger  LEVEL  range  for 
external  signals  and  to  permit  the  safe  handling  of 
Urge  amplitude  external  trigger  inputs* 

4-31.    The  wiper  of  TRIG  SELECT  switch  ^A  front 
connects  the  selected  trigger  source  to  AC-ACF-DC 
switch  ST  on  the  front  panel.  At  the  AC  setting  of  the 
switch,  the  trigger  signal  Is  capacttvely  coupled  via 
capacitor  C230  to  the  t)ase  of  emitter  follower  ampH- 
ner  Q220*  The  low  frequency  cutoff  in  this  position 
l3  nominally  50  Hz.  At  the  ACP  setting,  however^ 
capacitor  CO  and  resistor  It270  function  as  an  RC 
trigger  coupling  high-pass  filter,  which  attenuates 
low  frequencies  below  50  kHz*  In  this  way,  high  fre- 
quency triggering  poises  can  be  separated  firom  a 
complex  el^uU  having  unwanted  low  frequency  com- 
ponente  such  as  power  supply  hum*  Finally^  when  the 
DC  setting  of  switch  ST  Is  selected,  the  trigger  signal 
Ls  coupled  directly  to  emitter  follower  0220,  which, 
in  turn  drives  emitter  follower  Q227«  Complete  In- 


etructlons  for  approprlato  use  of  the  AC-ACFOC 
ewltch  are  contained  in  paragraph  4-59« 

4-32.    In  the  manual  position^  ewltch  Sqa  of  the 
LEVEL  control  causes  the  output  of  emittsr  follower 
Q227  to  be  directly  coupled  to  the  wiper  of  TRIG 
SELECT  switch  S5B  front  through  zener  dlodee 
CH222  and  CR225  and  through  diode  CR221.  This 
switch  wafer  eupplies  the  signal  input  to  the  dlffsren- 
tlal  amplifier  made  up  of  transistors  Q222  and  Q223» 
which  Is  a  comparator  slage*  The  reference  (LEVEL) 
input  Is  coupled  to  the  comparator  through  switch 
wafer  S5B  rear  and  bypassed  to  ground  through  ca- 
pacitor 010*  In  the  manual  mode,  LEVEL  switch  SflA 
Is  closed*  causing  diode  CR222  to  conduct  and  diode 
CR225  to  develop  its  zener  voltage*  The  cathode  of 
coupling  diode  CR221  Is  thus  at  approximately  3.0 
volte  with  respect  to  its  anode  while  the  zener  diode 
CR22$  is  conducting  in  the  forward  direction*  At 
this  voltage^  diodeCR221conductSt  providing  a  dc 
path*  In  the  AUTO  mode^  LEVEL  switch  SQA  Is  open, 
diode  CR225  conducts  and  develops  its  zener  voltage. 
With  approximately       volte  across  diode  CR225 
and  with  dlods  CR222  conducting  in  the  normal  for- 
ward direction,  diode  CR221  is  reveree-biased*  The 
trigger  circuit  Is  then  ac  coupled  through  capacitor 
C229  when  the  LEVEL  control  Is  in  the  AUTO  posi- 
tion* 

4-33*    The  frOnt  and  rear  wafers  of  TRIG  SELECT 
switch  S5B  provide  a  means  of  inverting  the  trigger 
slgnalp  For  any  type  of  trigger  selected  (except 
FREE  RUN)t  two  positions  are  provided:  >  and  -* 
Each  such  position  pair  has  reversed  connections  for 
the  signal  and  level  reference  inputs*  Thus^  the  de- 
termination Is  made  whether  the  Schmltt  trigger  Is  to 
fire  during  a  positive  or  a  negative  slope  of  the  trig- 
gering signal* 

4-34*    Within  the  polarity  thus  selected,  LEVEL 
control  potentiometer  Rl  7  fixes  the  point  at  which  the 
Schmltt  trigger  fires  by  comparing  the  trigger  signal 
to  the  dc  level  at  the  reference  input  of  the  differen- 
tial comparator  amplifier^  This,  in  turn,  changes  the 
input  level  applied  to  the  Schmltt  trigger  and  thus 
causes  it  to  fire  earlier  or  later  during  the  waveform^ 
depending  on  the  direction  of  the  manual  adjustment 
of  the  LEVEL  control* 


4-35*    The  output  of  the  differential  comparator 
amplifier  is  applied  via  diode  CR215  throush  both  a 
dc-coi9led  path  (resistors  R205  and  R20Q)  and  anac- 
coupled  path  (capacitor  C230)*  In  the  manual  mode, 
with  LEVEL  control  switch  SQB  closed,  the  dc-coup- 
led  path  carries  the  dc  level  imposed  on  the  differ- 
ential comparator  amplifier  output  by  the  setting  of 
LEVEL  control  potentiometer  R17*  IntheAUTO 
mode,  LEVEL  control  switch  SQB  is  opened  and  only 
capacmve  cot^iling  exiets  between  the  differential 
amplifier  and  the  Schmltt  trigger*  In  this  condition^ 
the  Schmltt  trigger  becomes  astable  and  wlU  lock 
onto  any  trigger  signal  having  a  repetition  frequency 
greater  than  its  natural  astable  frequency  of  (nom- 
inaUy)  15  Hz* 
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4-36.  SWECPCtnCUrrS.  (So«flrire4.10  The 
flw«ep  circuits  provide  the  voltsig«  required  to  con- 
trol the  horizontal  dellecUon  of  the  CRT  beam.  The 
sweep  circuits  may  be  operated  as  a  linear  tlmebase 
In  a  triggered  sweep  mode,  using  either  internat  or 
external  signals  to  provide  the  synchronizing  trigger. 
They  may  also  bs  operated  in  an  X  ampUfler  mods^ 
In  which  the  X  deflection  Is  estabUshed  by  external 
Input  signal,  lust  as  the  Y  deflection.  The  mode  of 
operation  Is  selected  principally  by  means  of  TIME/ 
CM  switch  35,  which  selects  Ihe  tlmebase  In  ^  po- 
sitions except  the  EXT  X  and  X-Y  positions.  In  these 
two  positions,  X  amplifier  Input  operation  Is  eelected, 

4-37.  Triggered  Sweep  Mode.  With  the  desired 
trigger  source  selected  throughTRIG  SELECT  switch 
S5,  the  level  adjusted  trigger  output  of  the  main  trig- 
ger ainpUfler  and  switching  is  shaped  by  the  Schmltt 
trigger.  Provided  a  sweep  retrace  hold*off  period  Is 
not  In  progress,  the  leading  edge  of  the  ehaped  trig- 
ger sets  the  tlmebase  MV^  enabUng  the  bootstrap 
ratnp  generator  to  begin  a  single  sweep  ramp.  The 
ramp  output  ta  applied  through  the  RC  sweep  timing 
network  which  Uxes  the  ramp  speed.  Therampspeed 
desired  by  the  operator  le  choeen  by  positioning  the 
TIME/CM  switch  to  one  of  the  20  tlmebase  positions 
(.5  uS  to  1  SEC).  The  sweep  Speed  Is  expressed  as 
the  period  of  time  required  to  move  the  CRT  beam  1 
cm  In  the  X  direction  on  the  CKT  screen.  When  the 
sweep  reaches  its  peak  voltage^  the  tum-^off  Mas  is 
reached,  causing  a  reset  signal  to  turn  off  the  time- 
base  MV.  This  discontinues  the  enable  signal  to  the 
bootstrap  ramp  generator,  thus  causing  the  retrace 
of  the  sweep  ramp  to  begin.  A  hold-off  time  constant 
is  generated  chirlng  the  retrace  of  the  sweep  ramp. 
This  hotd-off  constant  Is  tracked  with  the  RC  time 
constant  of  the  linear  sweep  ramp  to  assure  that  the 
hold-off  time  Is  greater  than  the  RC  time  constant 
for  the  sweep  retrace.  The  hold-off  voltage  Is  ap- 
plied as  a  trigger  look-out  bias  of  the  input  of  the 
tlmebase  MV  to  prevent  retrlggerlng  of  the  tlmebase 
until  the  sweep  has  come  fiiUy  to  reet  at  its  starling 
point.  When  the  reset  signal  terminates,  the  time- 
base  MV  is  once  again  released  and  can  be  turned  on 
again  by  the  next  trigger  to  start  the  next  sweep. 
The  ramp  output  thus  produced  is  amplified  by  the  X 
output  amplifier  and  applied  to  the  horizontal  de- 
flection plates  of  the  CRT. 

4-38.  The  range  t>etween  each  pair  of  tlmebase  po- 
sitions is  bridged  by  TIME /CM  VARIABLE  cc^rol 
R26.  This  control  Is  continuously  variable  and  pro- 
vides a  3-to-l  range  of  decrease  in  the  selected 
sweep  range  selected  on  the  TC4E/CM  switch* 

4-39.  To  ensure  a  bright  trace  when  the  trigger  Is 
lost  or  becomes  unreliable  during  AUTO  operation, 
the  bright  Une  auto  sync  circuit  causes  the  tlmebase 
MV  to  free  run  by  removing  its  blafl.  Free  run  op- 
eration can  also  be  manually  ordered  by  setting  the 
TRIG  SELECT  switch  to  the  FREE  RUN  position. 
The  FREE  RUN  sweep  can  not  be  synchronized.  This 
mode  la  provided  primarily  to  maintain  a  free-run- 
ning base  line  or  display. 

4-40.  At  the  end  of  each  sweep,  the  tlmebase  MV 
sends  out  an  end  of  sweep  gate  putse«  This  pulse 


extends  through  the  sweep  retrace  and  hold-off 
period,  during  which  time  the  tlmebase  MV  is  in  the 
reset  state*  During  the  alternate  mode  of  channel 
eelectlon^  the  leading  edge  of  thie  end  of  sweep  gats 
pulse  is  used  to  switch  the  channel  selection  by  trig- 
gering the  monostable  chop  MV^  thue  reversing  the 
stale  of  the  channel  switch  MV,  The  end  of  eweep 
pulse  alsoblanlcs  out  the  CRT  beam  during  the  sweep 
retrace  and  white  it  le  resting  at  the  left  edge  of  the 
CRT  screen  awaiting  an  initiating  trigger, 

4-41.  Through  the  PULL  XIO  MAG  switch  (S9),  the 
time/cm  value  associated  with  a  given  sweep  speed 
can  be  Increased  to  one-tenlh  the  selected  speed. 
This  magnifies  the  display  along  the  X  axis  and  about 
the  center  of  the  graticule  without  altering  the  sweep 
period.  .The  PULL  XIO  MAG  switch  achieves  thin 
effect  by  increasing  the  caUbrated  gain  of  the  X  out- 
put amplifier  by  a  factor  of  10,  This  XIO  gain  factor 
is  also  effective  in  magnifying  the  display  during 
EXT  X  mode  operation  but  is  inoperative  In  the  X^Y 
mode. 

4-42,  X  AmpUfler  Mode  Operation.  In  either  the 
EXT  X  or  X-Y  positions  the  TIME/CM  switch  routes 
a  -15V  locking  signal  to  the  tlmebase  MV,  fixing  it 
In  Its  on  state  to  intensify  the  CRT  beam.  At  the 
same  time^  the  R/C  timing  network Jaswltched  out 
of  the  circuit  and  replaced  with  the  EXT  X  or  CHI  in- 
put. These  X  input  elgnals  are  appUed  to  the  boot-* 
strap  ramp  amplifier.  This  converle  the  bootstrap 
ramp  generator  to  a  conventional  linear  amplifier  and 
buffer  for  the  X  output  ampUfler.  The  X-Y  display 
mode  provides  equal  sensitivity  (5  mV/cm)  X-Y  op- 
eration with  full  step  and  vernier  attenuator  capablU 
Ity.  EXT  X  mode  makes  use  of  the  XIO  magnifica- 
tion gain  control  and  permits  the  dieplay  of  boih 
channels  against  the  EXT  X  input  signal  with  all 
options.  That  Is: 

CHI  only 

4CH2  or  -CH2  only 

CHI  and  ±CH2  In  dual  trace  (chopped  or  al- 
ternate channel  switching) 
CHI  ±CH2  (algebraically  added  or  subtracted) 
CHI  and  CH2  cascaded 

4-43.  ADDITIONAL  ClRCLrrS,  Not  shown  on  the 
block  diagram  (figure  4-1)  or  on  the  functional  dia- 
grams (figures  4*2  and  4^)  are  the  circuits  associa- 
ted with  the  BEAM  FINDER  switch  (S51),  theCALlV 
output  connector  (J7),  the  NORMAL  INTERNAL-EXT 
Z  MOD  switch  (Sll),  and  Input  connectors  (J8  and 
J9).  These  are  described  in  the  paragraphs  which 
follow.  The  related  circuits  may  be  found  on  the 
referenced  schematics. 

4-44.  BEAM  FINDER  Switch,  (See  figures  6-4  and 
6-5.)  The  BEAM  FINDER  switch  reduces  beam  de- 
flection to  a  Small  window  on  the  CRT.  This  makes 
the  beam  visible  regsirdless  of  other  control  settings. 
BEAM  FINDER  switch  section  S51A  Is  shown  on  the 
tlmeteise  and  X  ampUfler  circuit  (figure  6-4).  In  this 
circuit,  depressing  the  switch  acts  to  reduce  the  out« 
put  current  of  the  X  amplifier.  BEAM  FINDER 
switch  S51B  Is  shown  on  the  Z  beam  swltchingand  Y 
outputampliflerclrcult  (figure  6-5).  Inthisclrcult,  the 
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«wllch(i£titoreduesth«outputctfth«Vunpllll«r.  To- 
gfithSTt  thft«fttwo«Kfteti  raitrktthebauntothealort- 
nenUoMd  window  on  the  CRT<  AtthftaaniitliKii^ 
BEAM  FINDBRtwltoht«eUonB51A«ppUiafttl  output 
tothobUnkUigampllliorlnthopowartupgllia  and  CRT 
elrcuit(figur<Q-Q}vh«r#tt  lAhlUtirotracibloiddiig* 

4*45,  CAL  IV  Output  ConnMtor,  OSoo  flguro 
The  CAL  IV  output  connector  prorldea  a  calibrated 
1  vdlt^  1  kHa,  aquare  wave  output  which  can  be  uaed 
to  adlutt  the  oacllloicope  for  vertical  eenaltivlty  and 
probe  conpenaatloik.  ThU  calibrated  output  U  uaed 
only  for  bulc  checka  in  the  abaence  of  more  elabor- 
ate test  equipment  and  U  calibrated  Into  a  lOO-^dlohm 
load*  The  aource  Impedance  of  the  Internal  calibrator 
U  leea  than  or  equal  to  1  kllohm, 

4-40*     NORMAL  IHTERKAL-EXT  Z  MOD  awltch* 
(See  figure  Q-Q,)  The  NORMAL  INTERNAL-EXT  Z 
MOD  switch  permlta  the  chop  blaaUng  of  the  CRT  to 
be  coidrolled  either  Internally,  from  the  chop  MV^ 
or  externally  from  on  outelde  eouiroe*  In  the  EXT  Z 
MOD  poaltlon,  the  external  source  la  eupplled  throuifh 
Input  connectora     and  JO  to,  reapectivoly^  the  high 
and  reference  aides  ot  the  Input* 


Figure  4^4*  A»AJBM<*dOd  Front  Panel  Controls*  Indicators^  and  Connectors 
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4-47*    OPERATION  INflTRUClTONa, 

4.4Q*     OONTROLS,  INDICATORS,  AND  CONNEC- 
TORS* All  optratlng  controls,  Indicators*  and  con** 
nsctore  on  the  front  panel  of  the  AHAraM**306  ore 
described  In  table  4-1  and  shown  In  figure  4*4* 
Controla  and  connectors  on  the  rear  panel  are  de- 
scribed In  table  4-2  and  shown  In  figure  4-6* 


NOTE 

The  red^apped  knoba  on  all  con- 
cratrlc  controla  are  to  be  read 
against  the  rsd  panel  miurldng 
Information, 

Channel  2  controls  which  are  dupU' 
cates  of  channel  1  controls  ore  not 
luted  In  table  4-1* 

4-49*     FREOPERAT10HAL  ADJXI^STMENTS*  To 
place  the  AN/USM«39Q  Into  operation,  perform  the 
procedures  given  in  the  following  para^aphe* 
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Tabl«  4-1*  AM/USM-31M  Front  Paiwl  Controtj,  Indicators*  %xA  Coniwclors 


Fia 

4-4 

CONTHOL/INDrCATOil/ 
CONnECTOfl 

SCHEMATIC 

DSSImNATION 

FUnvTlUN 

1 

SCALE  ILLUM 

R37 

Adjusti  brlghlneftfl  of  CRT  ffratlcule  back- 
ground  lllutnLnatlocu  Tumi  power  off  In 
POWER  OFF  detent. 

2 

CATHODE  RAY  TUBE 

VI 

Visually  displays  slgnalB  applied  to  vertical 
and  horizontal  amplifiers. 

3 

FOCUS 

1130 

Adjusts  sharpness  of  display. 

4 

ASnG 

1138 

Adjusts  roundness  of  trace  spot* 

5 

iNTENsmr 

R41 

Cbntrots  brightness  of  display* 

6 

UNCAL 

DSlOO 

Lights  when  TtM£/CM  VARIABLE  control 
(7)  Is  not  in  CAL  position* 

7 

TIME/CM  (outer  knob) 

36 

Selects  horizontal  sweep  speed*  Determines 
time  required  to  sweep  Horizontal  one  grat- 
icule division*  BypuUingPULLXlOMAG 
JcnoD  (Sff  aiepiay  can  oe  expanaea  oy  id^  in- 
creasing fastest  sweep  to  50  ns/cm. 

wnen  set  to  eat  a  selects  nonzontai  con- 
trol by  external  signal  applied  to  EXT  X  BNC 
Input  Jack  (UK  ^ 

When  set  to  X*V  selects  horizontal  control 
by  external  signal  applied  to  channel  1  BNC 
inpat  Jack  (marked  X)  (2))* 

7 

VARIABLE  (Inner  knob) 

R26 

Pro^rldes  continuous  and  o^rerlapplng  adjust' 
ment  of  sweep  speed  between  calibrated  po' 
sltions  of  TIME/CM  outer  knob*  Oilibrated 
to  TQKZf  CM  position  when  set  fulljr  clock' 
wise  to  CAL  detent  position*  Turned 
counterclockwise^  sweep  speed  decreases; 
however,  TBfE/CM  readings  are  uncallbrated* 

6 

%         O    iter  knob) 

R27 

Provides  coarse  adjustment  of  horizontal 
position  of  displajr* 

6 

< — ^   •  (inner  knob) 

R26 

Provides  Une  adjustment  of  horizontal  pO' 
sition  of  display* 

6 

PULL  XIO  MAG  (inner  knob) 

$9 

In  pulled-cut  position,  causes  magniflcatlon 
of  horizontal  sweep  or  EXT  X  signal  by 
factor  of  10 

9 

CAL  IV 

J7 

Test  point  provides  1  'kHz  square  wave  at  1 
volt  p-p  ampUtttde*  Maybeused  for  vertical 
sensitivity  calibration  and  divider  probe 
compensation. 
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Tabl*  4-1.  AK/U3M<*308  Fl'ont  Pinal  OontroU^  Indicaton^  and  OoitMCtorj  <Oont) 


CONTROL/INDICATOR/ 
CONNECTOR 

SCHEMATIC 
DESIGNATION 

FUNCTIOK 

10 

BEAM  FINDEEt 

391 

Eeducefi  gain  of  d«n«ctlon  ampUflers^  thus 
limiting  beam  deflection  to  nvithln  the  CRT 
grftticttte.  Alio  operates  on  bbnkins  ampli- 
fier to  releue  sweep  retrace  blanking. 

NOTE 

Make  sure  INTENSITV  control 
(5)  U  turned  up  high  enough  to 
make  beam  visible  when  using 
BEAM  HHDER. 

11 

EXT  X 

J5 

Connector  for  an  external  horizontal  Input* 

12 

TRIG  SELECT  (outer  knob) 

55 

Selecte  source  of  timebase  trigger  signal 
as  follows  t 

LINE          -  Rckoft  from  ac  line  voltage, 
positive  or  negative  slope* 

CHI           -  Rckotf  from  CHI  vertical 
amplifier  signal,  posiUve  or 
negative  slope* 

CHI  ii2      -  PickofffromtbedispIiTedcom* 
posite  vertical  deflection  signal, 
positive  or  negaUve  slope.  (Not  to 
beusedinCHOPmodA)  Usewlth 
ACP  and DCtrigger coupling* 

EXT        *  *  Rckotf  from  external  trigger 
apDlied  to  EXT  TRIG  f  ack 
(13),  positive  or  negative 
slope* 

FREE  RUN  *  Sweep  recurs  at  maximum 

repetition  rate  ^  with  speed 
set  by  the  TlME/CM  switch. 

12 

LEVEL  (inner  knob) 

R17,  R6 

Selects  point  on  amplitude  of  trlgser  signal 
that  starts  sweep.  In  AUTO  position^  sweep 
synchronizing  triggers  are  produced  auto* 
matlcally  when  signal  exceeds  40*Hz  rep- 
etition rate  and  exceeds  mlnimium  level*  In 
absence  of  trigger  signals^  sweep  runs  free 
to  produce  bright  line. 

13 

EXT  TRIG 

Connector  for  external  trigger  signiL 

14 

CHOP-ALT  switch 

S96 

Selecte  display  switching  mode  for  dual  trace 
vertical  deflection* 

ALT        -     CHl  and  CH2  alternate  with 
each  sweep.  Used  for  nor- 
mal dual  trace  dlsplaye* 
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TAbls        AN/USM-398  Front  Panel  Controla^  Indicators^  and  Oann«ctora  (ConO 


4-4 

CONTROL/INDICATOR/ 
CONNECTOR 

SCHEMATIC 
DESIGNATION 

PtINCnON 

14(Cont) 

CHOP        -  CHI  and  CH2  ftlt^rnato  ki 
400  kHz,  Used  only  when 
comp^lng  elgnilfl  on  long 
tune  bases  (slower  than 
1  nu/cm)<  Never  used  with 
CHI  it.  2  trigger  selection^ 
Never  used  with  Umebase 
sweeps  fast4sr  than  1  ma/cm* 

15 

AC-ACF-DC  (Trigger 
Coupling) 

57 

Selects  capacltlve  or  direct  coupling  of 
trigger  signals  Direct  coupling  (DC)  Is 
normally  used  for  slow  or  erratic  sync 
signals,  Oipacltlvs  coupling  (AC)  blocks 
dc  component  but  attentiatds  signals  below 
50  Hz,  Fast  capacltlve  coupling  (ACF) 
attenuates  signals  below  50  kHz  and  is  used 
to  block  unwanted  low  frequency  components 
of  the  trigger  signals* 

16 

PULL  TO  INVERT  CH2 

515 

Selects  polarity  for  CH2  display.  In  pulled 
out  position  Inverts  CH2  polarity. 

17 

SEPARATE  -  CHI  &  CH2 

S25 

Selects  mode  for  display  of  vertical  deflection 
channels^  separate  or  added. 

18 

Y  (cm  input) 

J2 

Connector  for  CU2  vertical  Input  signal. 

19 

UNCAL 

OSlOl 

Ughts  when  either  VOLTS/CM  VARIABLE 
control  (20)  is  not  In  GAL  position. 

20 

CHI  VOLTS/CM 
(outer  knob) 

52  (CHI) 
54  (CH2) 

Selects  channel  1  vertical  deflection  factor 
for  calibrated  measurements* 

20 

CHl  VARIABLE  (Inner  knob) 

598  (CHI)  Rll 
397  (CH2)  R12 

Provides  continuous  un calibrated  adjustments 
between  calibrated  positions  of  outer  knob. 
Calibrated  to  VOLTS/ CM  positions  when  set 
fully  clockwise  to  CAL  detent  position^ 

21 

CHI  AC-GND-DC 
dnput  Coupling) 

SI  (CHI) 
S3  (CH2) 

Selects  capaclttire  (AC)  or  direct  (DC) 
coupling  of  input  signal;  or  grounds  (GND) 
the  amplifier  stages  and  disconnects  the 
input  to  establish  display  reference  of 
ground  on  the  CRT  graticule. 

22 

X  (CHI  input) 

Jl 

Connector  for  CHl  vertical  input  signal  and 
for  horizontal  Input  signal  when  TIME/ CM 
switch  (7)  is  set  to  X-Y  position^ 

23 

CH1| 

513^  R13 
(CHI) 

514,  R14 
(CH2) 

Adjusts  vertical  position  of  CHl  display. 
Switches  CHl  off  when  in  OFF  detent 

< 
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Table  4*li  AH/U3M-30d  Front  Pinel  Controls,  Indicators,  and  Connectors  (Cont) 


FIQ, 
4-4 

'  OOHTIK)JL/INDICATOR/ 
CONNECTOR 

SCHEMATIC 
DESIGNATION 

PUNCTION 

24 

BAL 

H9,  mo 

Ad)ufltfl  to  minimize  verticaj  poaltlo»  change 
when  rotating  volts/cm  switch* 

25 

CH2  OUT 

J5 

Comiector  for  otitptit  of  CH2  vertical  ampli- 
fier signal. 

26 

YCAL 

R470 

Proirldes  ad]ustment  of  vertical  sensitivity 
for  both  channelSi 

27 

Power 

DSl 

Lights  when  operating  line  power  U  applied. 

Probe  trLmmer  screw 
adlustment  (not  shown) 

C32 

Adjusts  frequency  compensation  of  attenuator 
probe. 

Tkble  4-2.  Alf/USM-398  Rear  Panel  Controls  and  Connectors 

FtG. 
4-5 

CONTHOJL/CONKECTOR 

SCHEMATIC 
DEStQIATION 

FUNCTION 

I 

lA(ruae) 

Fl 
XFl 

Protects  oscilloscope  power  line  from  over- 
load damage « 
Holds  fuse. 

2 

NORMAL  INTERNAL 
-  EXT  Z  MOD 

Sll 

Selects  soiree  of  Z  modulation  signals  for 
CRT,  In  NORMAL  INTERNAL  position, 
chop  MV  circuits  of  oscilloscope  provide 
chopblanldng  puUee*  In  EXT  Z  MOD 
poaitlon,  an  external  source  provides 
brightness  modulation  pulses  via  EXT  Z 
MOD  connector  (3), 

3 

EXT  Z  MOD 

J8,  J9 

Oonnectors  for  input  of  external  blanking 
information  to  the  CRT*  Used  when  NORMAL 
INTERNAL  -  EXT  Z  MOD  switch  (2)  la  In 
EXT  Z  MOD  position. 

4 

TRACE  ROTATION 

R633 

Permits  angular  adjustment  of  CRT  trace 
with  respect  to  the  coordinate  axes  of  the 
internal  graticule* 

5 

115  V -230V 

S12 

Matches  power  transformer  primary  of 
AN/USM^98  power  supply  to  available  line 
voltage. 
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Figure  4-5,  AN/USM-398  Rear  Panel  Conlrola  and  Connectora 


4-50.  Power  Connection.  The  power  requtrement 
for  the  AN/U5M-398  Is  115/330  volU  ao  ±10%,  48  to 
420  Hz,  elngle  phase*  To  connect  power^  proceed 
ae  follows: 


CAimON 

The  ANA^M-396  relies  on  convection  cooling 
and  met  always  be  operated  with  reasonable 
air  circulation. 


1.  Determine  the  line  voltage  and  eet  the  recess- 
ed 115V-230V  sUde  switch  on  rear  panel  (usU^  small 
screwdriver)  as  follows; 


Line  Voltage 


Switch 


CAUTION 


Check  to  be  certain  that  the  115/230  volt 
switch  IS  set  for  the  appropriate  input  volt- 
age. Dworrect  setting  causes  malfunction 
or  damage  to  the  instrument 


NOTE 

AUhough  the  AN/USM-398  is  normally  wired 
with  the  primary  of  power  transformer  Tl  set 
to  receive  a  Une  voltage  of  115/230  V,  the 
wiring  may  be  changed  to  permit  the  use  of 
lower  or  higher  Une  voltages  (109/^06  and 
123/248  ±10  percent).  This  is  accomplished 
as  outlined  in  paragra^  5-122. 


104  to  128  volts  ac 
208  to  252  volte  ac 


115 
230 


2*  Turn  the  front  panel  SCALE  ILLUM  control 
counterclockwise  to  the  POWER  OFF  detent  position. 


ERLC 
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3,  Connect  pcw6r  cable  of  AN/USMp398  to  iourc6 
of  pow6r. 

4*91.  MtM  Settings^  0«for6  turning  on  pomr* 
perform  the  following  proc0du»: 

L  Set  iupport/cArrylng  hvulle  to  the  required 
operating  poeltloci.  The  handle  Le  releaetd  by  pulling 
both  handle  elldee  outward^  and  It  can  then  be  turned 
to  Lock  tn  any  one  of  five  poaltiona. 

2,  Set  INTENSITY  control  ^lUy  counterclockwlie. 

3.  Set  CHI  vertical  poelUon  control  to  mfd-ranfe 
and  CH2  vertical  poaltlon  control  to  OFF  detent* 


4.  Set  CHI  and  CH2  VOLTS/CM  awitchea  to  2amV 
with  VARIABLE  control  at  CAL  detent. 

5.  Sat  CHI  and  CH2  AC-GND-DC  awitchea  to 
GND. 

6.  Set  SEPARATE  -  CHI  &  CHS  awltch  to 
SEPARATE. 

7.  Set  horizontal  poeition  control  to  mid-range* 

6,  Set  TIME/CM  awitch  to  1  mS, 

Set  TRIG  SELECT  awltch  to  FREE  RUN. 

4*52.  Tum-On  Procedure.  After  perfornoing  init- 
ial aettlnga*  turn  on  power  and  obtain  a  trace  aa 
foUowe: 

1.  Turn  the  SCALE  ILLUM  control  clochwtae  be- 
yond the  POWER  OFF  detent  and  obaerve  that  the 
aaaociated  power  indicator  Ughta. 

2.  Adjuat  INTENSITY  control  to  obtain  dXeplay 
of  the  reqiilred  brlghtneea. 


NOTE 


If  viaibla  diaplay  cannot  be  obaerved  on 
the  CRT,  momentarily  turn  INTENSITY 
control  fuUy  clockwlae  and  preaa  BEAM 
FINDER  puahbutton.  Thia  wlU  produce 
a  bright  horizontal  line  near  center  of 
screen.  Any  offeet  of  thla  line  from  cen- 
ter correeponde  to  an  offaet  In  the  position 
control  eettinga. 

3.  Center  the  display  by  adjuatlng  CHI  and  hor- 
izontal poaltlon  controls. 

4>  Adjust  FOCUS  control  to  obtain  most  sharply 
defined  trace  after  releasing  BEAM  FINDER  and 
setting  proper  trace  Intensity. 

4-53>  OPERATING  PROCEDURES.  The  following 
paragrapha  deacrlbe  the  procedures  to  be  followed 
in  operating  the  AN/USM«396. 


NOTE 


Following  Initial  receipt  of  the  oacUloecope 
and  before  uae  each  day  (or  at  an  interval 
determined  by  personnel  In  charge),  per* 
form  the  operator  checkout  deacribed  In 
paragraph  4^07* 

4-54.^  Setting  Up  Vertical  Channels.  Set  up  the 
vertical  channela  of  the  AN/USM-^398  aa  foUowa! 

1.  Connect  signals  to  be  displayed  to  one  or  both 
of  the  CHI  and  CK2  BNC  Input  connectora* 

NOTE 


When  using  unahlelded  signal  leads, 
connect  common  ground  lead  to  chassis 
of  oeclUoacope  and  equipment  under  teat. 

2.  Depending  on  type  of  signal,  set  appUcableAC- 
GND-DC  switch  to  AC  or  DC  poslUon.  Use  the  AC 
poaltlon  to  obaerve  the  ac  component  of  signals  with 

a  dc  component  which  la  much  larger  than  the  ac 
component*  Set  switch  for  unused  channel  to  GNB. 
Also  use  GND  position  to  locate  baseline  of  vertical 
diaplay* 

3.  Set  applicable  VOlfTS/CM  switch  to  deetred 
aensltlvl^*  Check  that  associated  VARIABLE  (Inner) 
knob  la  at  CAL  detent  unleaa  vernier  attenuation  be* 
tween  fixed  aettlnga  of  VOLTS/CM  awltch  Is  desired. 


NOTE 

The  test  probes  supplied  with  oscilloscope 
introduce  attenuation  of  IDX  before  aignal 
appears  at  Input  to  VOLTS/CM  attenuatore. 

4.  To  obtain  variation  In  eensitivity  from  the 
fixed  aettlnga  of  VOLTS/CMawitch,  turn  VARIABLE 
counterclockwise  out  of  CAL  detent.  UNCAL  In- 
dicator goes  on  to  Indicate  that  AN/USM-3d6  ie 
operating  In  anuocallbrated  mods. 

NOTE 

The  range  of  the  VARIABLE  control  la 
approximately  3:1  eo  that  its  Ml  adlust-^ 
ment  overlapa  the  adjacent  lower  aensi* 
tlvlty  range.  Except  at  the  CAL  aettlnga 
the  VARIABLE  control  Is  uncalibrated. 
At  the  CAL  setting,  the  calibration 
corresponds  to  the  setting  of  the  VOLTS/ 
CM  switch.  The  UNCAL  Indicator  iUum- 
inatea  when  either  the  CHI  or  CH2  VARI- 
ABLE control  Is  ottt  of  the  CAL  position. 

5.  For  vertical  shift  of  thetrace,  adjust  the  vertt- 
calposltlon  controls  (identified  with  vertical  arrows). 

S.  When  noinputslgnaliaappUed  andtracemove- 
ment  Is  detected  when  tbeeettlngot  the  VOLTS/CM 
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fWltch  in  alt«r6df  ro&djuit  thft  BAL  i<rewdriv«r  con- 
trol for  the  ro«pecUvi  Input  chfliin«L 

NOTE 


Th«  DAL  control  wiU  only  need  adjuit- 
xn«nt  at  infrequent  Interval!.  Before 
adluitinc  the  BAL  control  let  thi  AC- 
GND'DC  elide  twitch  toOND  and  rotate 
the  VAEUABLB  control  on  the  VOLTS/ 
CM  switch  to  CAL.  Alwaye  have  the 
Inetrument  fully  warmed  up  and  opera- 
ting for  a  half  hour  bifore  making  BAL 
adjuettnente. 

7.  lfCH2iebeincused.  checkthatPULLTOlN- 
VERT  CH2  switch  le  pushed  In,  Unless  polarity  in^ 
verelon  of  CH2  diiplay  ii  desired. 

4-55.  Uee  of  Voltage  Divider  Probe  at  Vertical 
Channel  Inputs.  AnXlO  voltage  divider  probe  maybe 
used  to  extend  the  voltage  range  an'i  Increase  the  In* 
put  impedance  of  the  vertical  deflection  input  ampU*' 
fiers.  The  Input  reelstance  of  each  vertical  deflec- 
tion channel  la  1  M  0  shunted     approximately  28 
pF.  The  effective  capacity  of  the  Input  lead  muit  be 
added  to  this  and  the  reiultant  Impedance  can  often 
load  the  signal  source.  Therefore,  it  is  advisable  to 
use  the  voltage  divider  probe  suppUed  with  the  AN/ 
USM-398.  The  use  of  thii  5  foot  probe  reducee  the 
Input  capacity  to  approximately  15  pF  and  increases 
the  Input  resistance  to  10  M  0  ,  at  the  expense  ofthe 
sensitivity.  The  probe  contains  a  shunt  RC  network 
in  serlee  with  the  Input  and  forms  an  attenuator  with 
the  Input  RC  of  the  vertical  channel.  The  trimmer 
capacitor  iCZZ)  in  the  probe  termination  is  used  to 
adjust  prObe  frequency  compensation  by  normalizing 
the  prObe  to  the  scope*  The  Internal  l-kHz  cali- 
bration output,  provided  at  the  IV  ^^AL  output  Jack, 
has  a  sufficiently  fast  rise  time  and  is  flat^topped 
enough  to  permit  probe  compensation  without  ad- 
ditional equipment.  (See  figure  4-6J 

4o56.  Single  Channel  Operation.  For  single  trace 
operation^  turn  the  vertical  position  control  for  the 
desired  channel  clockwlie  out  of  the  OFFposition  and 
turn  the  corresponding  control  for  the  other  channel 
counterclockwise  to  the  OFF  position. 

4-57.  Cascade  Operation.  To  obtain  a  high  sensi* 
tlvity  (1  mV/cm)  single  trace  conditio]  with  a  band- 
width of  dc  to  5  MHZf  operate  CHI  and  CH2  in  series 
(cascade),  using  the  output  from  the  CH2  OUT  con*- 
nector.  Proceed  as  follows: 

1.  SetbothAC-GND-DC  switches  to  DC. 

2.  Set  both  VOLTS/CM  switches  to  5  mV. 

NOTE 

The  output  signal  from  the  CH2  OUT  con- 
nector is  limited  to  250  mV  and  has  a  gatn 
of  5  with  respect  to  the  CH2  Input.  Con- 
sequently,  the  CHI  VOLTS/CM  switch 
eriould  always  be  set  to  5  mV*  10  xnV  or 
20  xnV  to  avoid  on-icreen  dtitortlon 
during  cascade  opsratlon. 


Figure  4-6«  Probe  Compensation  Waveforms 


3.  Turn  CHI  vertical  position  control  clockwise 
out  of  OFF  position* 

4.  Turn  CH2  vertical  position  control  counter- 
clockwise to  0F>*  detent. 

5.  Connect  CH2  OUT  connector  J5  to  CHI  input 
BNC  Jl  connector  by  means  of  a  short  BNC  coaxial 
cat)le. 

6*  Connect  signal  to  be  displayed  to  CH2  Input 
BNC  connector  J2. 

7*  Use  CHI  vertical  position  control  to  adjust 
vertical  position  of  trace* 

8.  If  ac  component  of  signal  being  displayed  is 
SmaU  relative  to  dc  component,  set  CH2  AC-GND- 
DC  switch  to  AC* 
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6,  The  LEVEL  controL  concentric  vlth  the 
TRIOSSLdCT  iwltch,  ollowf  felftctlon  of  the  trig- 
gering point  on  th«  trigger  waveform  and, hence  de- 
termination of  the  etart  of  the  horhontal  trace* 
When  the  LEVEL  controUs  eet  to  AUTO,  the  trigger 
circuit  automaUcally  blaeee  Iteelf  to  the  most  ten- 
sltlve  trigger  level  condition^  and  AC  couplet  the 
trigger  elgnal,  In  the  abeence  of  a  trigger  elgiml 
(In  auto  mode)  the  tlmebaee  will  free  run  and  maln-^ 
tain  a  bright  line  eweep  dieplay  at  the  selected  sweep 
apeed* 

4-63.  Horizontal  DeflecUon,  External  Input.  To 
obtain  horizontal  deflection  under  control  of  a  elg-^ 
nal  applied  to  the  EXT  X  Input  connectOTf  set  the 
TIME/CM  switch  to  EXT  X,  The  gain  for  this  Input 
Is  fixed  at  an  uncallbrated  value  of  approximately 
0,6  V/cm  and  may  be  Increased  to  0.06  v/cm  by 
using  PULL  XIO  MAO  switch. 

4-64,  X-YMode.  The  fuU  range  of  eenslUvlty  and 
attenuators  for  a  single  trace  display  of  both  vertical 
and  horizontal  deflection  Inputs  may  be  utilized  In  the 
X-Y  mode.  Phaee  shift  Is  nominally  3  degrees  from 
dc  to  500  kHz  and  the  bandwidth  Is  1  MHz.  To  oper- 
ate In  the  X-^Y  mode,  proceed  as  follows: 

1.  Set  TIME/CM  switch  to  X-Y  and  both  CHI  and 
CH2  position  controls  to  mld-^range* 

2.  Connect  the  signal  which  Is  to  control  horizon-^ 
tal  deflection  to  X  (CHI)  Input  connector  Jl  and 
connect  the  signal  which  Is  to  control  vertlcaldeflec-^ 
tlon  to  Y  (CH2)  Input  connector  J2,  Use  procedures 
outlined  In  para^ph  4-^54  to  set  coupling  and 
attenuation. 

NOTE 

In  the  X-Y  mode  (provided  the  SEPARATE  - 
CHI  &  CH2  switch  Is  set  to  SEPARATE), 
the  CHI  poeltlon  control  Is  Inoperative  smd 
horizontal  position  Is  adjusted  by  the  hor-^ 
Izocital  poeltlon  controls  (marked  with 
horizontal  arrows). 

4-65.  Z-Axis  Input.  If  CRT  Intensity  is  to  be  mod- 
ulated by  an  e^ctemal  signal,  connect  signal  to  EXT 
Z  MOD  connector  on  rear  panel  and  switch  the 
NOBMAL  INTERNAL  -  EXT  Z  MOD  switch  to  the 
EXT  Z  MOD  position.  Typically,  Z-ajis  modu- 
lation can  provide  reference  marto  by  using  a 
pulse  Input  synchronous  with  the  verilcal  display, 
Alwaye  return  the  NORMAL  INTERNAL  -  EXT  Z 
MOD  switch  to  NORMAL  INTERNAL  when  not  using 
external  Z  modulation. 

4-66.  Turn-Off Procedure.  ToturnofftbeAN/USM- 
396,  rotate  SCALE  ILLUM  ewltch  counterclockwls'^ 
to  POWER  OFF  detent. 

4-67.  OPERATOR  CHECKOUT.  FoUowlng  InlUal 
receipt  of  the  ANA^M-398,  and  prior  to  first  usage 
of  the  Instrument  each  day  thereafter  (or  at  an 
Interval  determined  by  personnel  In  charge)^  the 
operator  should  perform  the  following  checkout 
procedure  after  a  20-mlnute  warm-iip  period.  The 


operator  checkout  establishes  minimum  performance 
standards  for  the  ANAJaM-306,  Alt  of  the  checks 
Included  In  this  procedure  can  be  performed  with  the 
equipment  covers  In  place,  During  this  checkout, 
the  oscilloscope  should  be  operated  In  accordance 
with  the  preceding  operating  procedures,  exercising 
the  various  control  functions  as  required  to  obtain 
the  indications  In  the  following  paragraphs, 

4-66,  Powers  Indications,  Power  Indicator  and 
CRT  graticule  background  must  Ught  when  power  Is 
turned  on  by  rottitlng  the  SCALE  ILLUM  control 
clockwise  from  its  POWER  OFF  detent  position. 
The  graticule  must  Increase  In  brightness  as  rotation 
of  the  SCALE  ILLUM  control  Is  continued, 

4-69.  Service  Function  Checto.  With  the  osclllo- 
BCope  operating  In  the  sweep  mods  (TIME/CM  to 
1  mS,  CHI  and  CH2  VOLTS/CM  to  ,9V,  TRIO 
S£LECT  LEVEL  to  AUTO  and  AC-GHD-DC  to  DC) 
and  wltbthe  1-^volt,  1-kHz  a<mare  wave  calibrator 
output,  supplied  from  the  CAL  IV  output  connector 
on  the  front  panel  applied  to  both  the  CHI  and  CH2 
Inputs^  an  Independent  representation  cC  the  1-kHz 
square  wave  must  appear  for  each  channel  when  the 
associated  CHI  or  CHS  vertical  poslUon  control  Is 
rotated  clockwise  from  Its  OFF  position.  The  trace 
for  each  channel  must  move  up  ordovn^  Independently 
of  the  trace  for  the  other  channel^  as  the  correspond- 
ing CHI  or  CH2  vertical  poeltlon  control  le  adjusted 
In  its  setting.  The  outer  horizontal  poelUon  control 
must  be  capable  of  adjusting  the  coarse  positioning 
and  the  Inner  horizontal  position  control  must  be 
capable  of  adjuetlng  the  fine  positioning  of  both 
traces  along  the  X  axle.  Both  tracer  nust  vary 
appropriately  In  brightness  and  reeo^  ^  lon  as  the 
INTEHSITT  and  FOCUS  controls,  respectively,  are 
adhisted.  With  BEAM  FINDER  pushbutton  pressed, 
dlspUy  must  be  defocussed  and  reduced  In  deflec- 
tion to  a  small  rectangle  at  the  center  of  the  screen. 

4-70.  X-YMode.  With  the  TIME/CM  switch 
switched  to  the  X-Y  position,  the  display  should 
be  a  elngle  straight-line  trnce^  aligned  at  a  45-^ 
degree  angle  with  the  horizontal  graticule  Unes. 

4-71.  Trigger  ControU  With  a  common  elne  wave 
Input  (derived  from  the  line  power)  applied  to  both 
CHI  and  CH2  Inputo,  and  with  the  TIME/CM  switch 
set  to  10  roS,  the  sweep  must  trigger  on  either  the 
positive-  or  negative -going  zero  crossing  of  the 
displayed  waveforms^  depending  on  whether  the 
TRIO  SELECT  switch  Is  tn  the  CH1<^  or  CHl- 
posltlon.   The  trigger  point  of  the  sweep  must 
be  adhietable^  varying  according  to  the  setting 
of  the  TRIG  SELECT  LEVEL  control  within 
lU  manual  range.  With  the  TRIG  SELECT 
switch  In  the  CH1<^  pcslUon,  the  LEVEL  control 
must  be  capable  of  placing  the  sweep  t.-igger 
at  any  positive  slope  point  between  tht  negative 
and  positive  peaks  of  the  displayed  waveform. 
With  the  TRIO  SELECT  switch  In  the  CHI- 
position,  the  LEVEL  control  must  be  capable 
of  placing  the  sweep  trigger  at  iny  negative  slope 
point  between  the  positive  and  negative  peaks  of 
the  displayed  waveform. 
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4-dB.  Dual  Chatinil  OkMritlost  To  obtain  dual  ohan- 
nel  opimtloQ^  ooctnact  Inputs  to  both  vQrtiool  ttofUc-^ 
tton  ohftniwU  Ait4  turn  both  CHI  ind  Ch3  vtrtloil 
position  controti  clookwUa  out  of  tht  Off  poAltlon* 
Th<n  ««l«ct  «lth«r  th«  tapttrttt  or  tdd«d  modi  of 
displaying  thi  two  «l«ntli»  mm  indlcttad  lit  th«  follow- 
ing paragrtphi, 

4-59.  To  obtain  two  ieparata  trac«B»  ««t  SEPARATE 
*  cm  k  CHI  twitch  to  SEPARATE.  S«l«ct  alternate 
or  chopp«<t  modt  uelng  ALT  *  CHOP  ewltch.  Durtng 
dual  trace  operation  using  ths  Internal  tlmebaee^  the 
operaUng  guide  Unee  Ueted  below  ehoutd  be  foUotml. 
(For  complete  details  on  use  of  the  internal  time* 
base^  refer  to  ^agraph  4-^2  J 

1,  Try  to  use  a  trigger  source  selected  by  either 
the  CHI,  UNE  or  EXT  position  of  the  TRIG  SELECT 
switch. 

2.  Avoid  selecting  the  CHI  &  2  Internal  trigger 
source.  However,  ff  use  of  this  position  Is  unawdd-^ 
able,  set  the  AC-ACF-DC  switch  as  follows^ 

a.  When  both  Input  signals  have  significant 
frequency  components  above  50  kHz,  use  ACF 
position  of  AC-ACP'DC  switch. 

NOTE 

The  ACF  poeltlon  of  the  AC-ACF-DC 
Switch  uses  a  high  pass  filter,  which 
rejifcts  and  attenuates  low  frequencies. 

b.  If  the  ACF  position  la  not  appropriate^  use 
the  DC  position  and  carefully  manipulate  each  ver* 
tlcal  poeltloning  control  as  well  as  the  TIME/CM 
VARIABLE  control  until  a  stable  display  Is  achlevinl. 

Never  use  chop  mode  when  using  the  CHI  &  2 
position  of  the  TRIG  SELECT  switch.  Use  chop 
mode  only: 

a.  In  the  CHI^  UHE  and  EXT  positions  of  the 
TRIG  SELECT  switch. 

b*  To  avoid  display  bllnlciiig  that  would  make 
measurements  difficult  on  sweep  speed  ranges  slow- 
er than  1  ms/cm. 

c.  At  Sweep  speeds  slower  than  1  ms/cm* 

With  NORMAL  INTERNAL  -  EXT  Z  MOD 
switch  on  rear  panel  set  to  NORBAAL  INTERNAL  to 
blank  switching  transisnts  In  the  CRT  display, 

4*60*  To  Obtain  a  single  trace  re|>resenting  the  al' 
gefaralc  sum  of  the  two  Inputs^  set  SEPARATE  * 
CHI  k  CH2  switch  to  CHI  &  CH2  and  poslUtft  the 
added  sum  of  the  Input  signals  on  the  CRT* 

4-61.  To  obtain  a  single  trace  representing  the 
algebraic  differences  of  thetwolnpuU,  setSEPAR* 
ATE  '  CHI  &  CH2  switch  to  CHI  &  CH2  and  puU 
out  PULL  TO  INVERT  CH2.  This  funcUon  psrmlts 
the  comparison  of  two  signals,  by  soUracting  one 
from  the  other,  and  also  permits  c  ommon  mode 


rsjectlon  between  two  related  slgnsts.  Common 
mods  rejsctlon  can  be  maxlmiaed  by  careful  adjuat- 
ment  of  slthsr  CHI  or  CH3  VARIABLE  control  to 
exactly  equalize  channel  sensltlvlttss* 

4-^63.  Horizontal  Deflection*  Internal  Time  Base 
Operation.  To  obtain  horizontal  deflection  under 
control  of  the  Internally  generated  tlmebase,  pro- 
ceed as  follows! 

1.  Set  TIHE/CM  switch  to  any  time  scale  posi- 
tion. 

2.  If  a  time  acale  between  calibrated  TIME/CM 
positions  is  deatred,  turn  VARIABLE  control  coun- 
terclockwlss  out  of  CAL  detent. 

NOTE 

The  range  of  the  VARIABLE  control  la 
approximately  3;1.  Except  at  the  CAL 
setting,  tlie  VARIABLE  control  is  un* 
calibrated^  At  the  CAL  setting,  the 
calibration  corresponds  to  the  setting 
of  the  TIME/CM  switch.  The  UNCAL 
lamp  lllumlnatea  to  alert  the  operator 
when  the  VARIABLE  control  Is  not  tn 
CAL  position. 

3.  If  close  examination  of  any  portion  of  thetrace 
Is  required,  operate  ths  PULL  XIO  MAG  knob.  The 
resulting  expansion  effectively  increases  the  sweep 
length  from  10  cm  to  100  cm  and  Increases  the  ' 
sweep  speed  by  a  factor  of  ten^  while  retaining  the 
same  sweep  pertod* 

4.  For  hortzontal  ehift  of  the  trace,  adlust  the 
horizontal  position  controls  (Identified  horizon* 
tai  arrowa).  The  outer  knob  provides  coarse  posi- 
tion control  while  ,the  smaller,  Inner  knob  provldee 
fine  positioning.  The  fine  control  Is  especially  use* 
ful  In  adjusting  the  display  with  the  XIO  magnification 
function  aeUve.  PuUing  the  smaU  knob  (PULL  XIO 
MAG)  activates  the  XIO  magnification  function* 

5.  The  ttmebase  may  be  operated  either  in  a 
free  run  condition  or  may  be  triggered  from  the 
positive  or  negative  slope  of  a  aignal  as  determined 
by  the  setting  of  the  TRIG  SELECT  switch,  The 
triggering  sources  selected  by  the  TRIG  SELECT 
switch  la  its  various  posttlons  are  as  follovs: 

a.  liNE  <  the  tine  input  frequency  dertved 
from  the  transformer  In  the  power  supply  section* 

b«  CHI  -  theCHl  tHgger  ampUfler. 

c.  CHI  &  CH2  .<  the  buffer  amplifier  (irrespec- 
tive of  which  beam  Is  displayed). 

d.  EXT  *  an  external  triggering  source,  con- 
nected to  the  EXT  TRIG  BNC  connector. 

e*  FREE  RUN  -  no  trigger  used. 
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4-72<  TlitiibMi  CAllbrAtlon*  Ai  «n  Approximati 
clwckoftha  tlmibtii  ^AUbratlonp  oouflt  Um  mimbir 
of  cyolii  of  llM  powir  voltAg*  dUpUy«d  on  thi  CRT. 
Plv«  eyeUM  of  a  SO<^Hz  llni  pWir Input  or  iU  eyeUM 
of  t         Ufli  powir  Input  ihould  bi  dlipUyid 
acroii  the  10  cm  of  graUctili  width  for  both  CHI  and 
CHS.  Thi  nuinbir  of  cycUi  muit  vary  In  acoofdaitco 
with  thi  lettlUf  of  th«  TIME/CM  twitch  ai  th«  TIMB/ 
CM  iwitch  U  ad]flit«d.  Pulling  out  th«  Innor  knot 
(PULL  XIO  MAO)  mtiit  ixpand  both  tracii  along  thi 
X  axli  by  a  factor  of  10, 

4-73,  VirUcal  CallbraUon.  With  both  tb<  CHI  and 
CH2  VOLTS/CM  iwltcbis  flit  to  ,3  Vt  apply  a  1-volt 
squari  wavi  from  thi  Internal  calibrator  to  CHI  and 
Ch2  InpuU,  £ach  of  the  two  dUpUyed  wavifortni  must 
have  a  2-cm  virtlcal  amplltudi,  with  each  waveform 
tn  euccesflton  centered  vertically  on  the  graticulep  the 
amplitude  must  vary  In  accordance  with  the  flitting  of 
the  aesoclaUd' VOLTS/CM  switch  as  the  switch  Is  < 
varied*  During  these  adjustmenls^  there  ehould  be  no 
appreciable  vertical  deposltloning  of  the  waveform  as 
the  VOLTS/CM  swltchee  vary  the  attenuation.  If 
tracee  shift  appreciably^  dieck  BAL  adjustment  for 
the  reepectlve  channel  altar  30*mlnute  warmupu 


4-74,  Channel  Switching  Medee«  With  both  channels 
actlvep  check  that  channel  ewltohlngtakee  place 
reUably  with  NORMAL  INTERNAL  -  SXT  Z  MOD 
ewltch  In  the  NORMAL  INTEIIHAL  poeltlon  and  with 
CHOP-ALT  ewltch  eet  In  iucceeeion  to  both  tbe 
CHOP  and  ALT  poeltloAfl,  Vary  setting  of  tbe  TIME/ 
Cm  switch  as  req^nired  to  make  each  type  of  channel 
ewltchlng  clearly  vlelblct  While  checking  tbe  chop  ' 
mcdCp  note  whether  chop  tranelentr  In  the  display 
are  b  tanked  < 

NOTE 

Do  not  attempt  to  use  chop  mods  operation 
with  CHI  &  2  trigger. 


4-7(t  Inverting  and  Channel  Summing  Mbdect  When 
tbe  PULL  TO  mVEAT  CH2  control  la  pulled  out^  tbe 
CH2  trace  must  Innrert  When  the  SEPARATE  *  CHI 
&  CH2  switch  Is  sst  to  CHI  &  CH2,  and  with  both 
VOLTS/CM  swltcbifl  at  a  common  aettlng*  the  CHI 
and  CH2  traces  must  add^  producing  a  single  trace 
of  double  amplitude^  or  subtract^  producing  a  single 
fltralgfat*lliie  tracsp  depending  on  the  eettlng  of  the 
PULL  TO  INVEAT  CH2  ewltch. 


13G 


4-19/(4-20  blank) 


a  7 


tMiKAN  STUPE^^^  handout  3AQR30020-1 


Electronic  Principles  Department 


ELECTRONICS  HANDBOOK 


15  April  .1.975  .  ; 

^  ■ 


Keesler  Technical  Training  Canter 
Keesler  Air  Force  Base.  Mississippi 


Designed  For  ATC  Cours*  Us* 

BO  HOT  use  OH  THe  JOB 

137 


BaBlc  and  AppUed  Electronlca  Departtnont 
Keesler  AFB,  MloaUslppl 


Student  Handout  KEF-HO-110 
3AQR30020-1 
IS  AorU  1975 


1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
11 

12 


TABLE  OF  CONTENTS 
TITLE 


ABBREVlATIONa  OF  FnEQUEtPTLY  USED  TERMS 

DEFINITIONS 

ORAFBIC  SYMBOLS 

ELECTRONIC  FORMULAS  AND  LAWS 

Ohm's  Law  <or  DC  Clrculta 

Ohm's  Law  tor  AC  ClrciUta 

Impedancf' 

Q  Factor 

Capacity 

Itoductanee 

Transformer 

Frequency 

Resonance 

Vacuum  Tube 

Time  Constant 

Transmission  Line 

Network  Matching  and  Attenuating  Pad 
Decibel 

Modulation,  AM  and  FM 
Antenna 

Coll  Calculations 

Power  Energy  and  Tbernul  Units 

Magnetic  Laws 

MATHEMATICAL  FORMULAS 

Arithmetic 

Logarithms 

Algebra 

Geometry ' 

Trigonometry 

TABLES  AND  CHARTS 

Ohm's  Law  Formulas  tor  DC  Clrcuitfi 

Ohm's  Law  Formulas  tor  AC  Circuits 

Sine-Wave  Voltage  Comrersion  Clrcidts 

Impedance  Chart 

Values  ot  the  Constant  Ic^ 

Values  for  Constants 

Values  tor  Constant  Sn 

Fads 

Nomograph  for  Determining  Values  of  Network 

Matching  and  Attenuating  Pads 
Decibels  and  Power,  Voltage,  or  Current  Ratios  Graph 
Field  bitenslty  Measurement  and  Radio  Frequency 

luterferency  De^tions 
Single  Layer  Coll  Calculator 


FAOF 


67 
00 

01 
05 
97 
07 
OP 
100 
100 
101 
101 
103 
103 
104 
105 
107 
100 
113 
115 

lie 

110 
110 
131 
142 
148 
155 

01 
02 
93 
06 
08 
08 
00 
105 
105 

107 
111-112 

114 


ERIC 


138 


FIGURE  # 

TITLE 

PAGE 

13 

Coll  and  wire  Data  " 

116 

14 

Magnetic  Formulas  and  Symbols 

117 

16 

Magnetic  Converilon  Units 

117 

16 

Exponents 

110 

17 

Squares  and  Sc^uare  Roots 

130-130 

18 

MatbemaUcal  Symbols  and  Abbreviations 

132 

10 

Numerical  Values  <or  Various  Constants 

133 

20 

Common  Logarithms  at  Numbers 

134-13S 

Natural  Logarithms 

138 

Exponential  Functions 

140 

26 

Areas  of  irregular  Plane  SurCaces 

147 

27 

Areas  of  Plane  Figures 

146 

28 

Surface  Areas  and  Volume  of  Solid  Figures 

140^151 

20 

Trigonometric  Ratios 

152 

30 

Variations  In  Values  of  Functions 

152 

Degrees  and  Decimal  Fractions  to  Radians 

154 

31 

Natural  Trigonometric  Functions  for  Decimal 

lSS-158 

Fractions  of  a  Degree 

32 

Metric  Conversion  Table 

ISO 

33 

Metric  Multiple- Prefix  Table 

190 

34 

Standard  Resistance  Values 

150 

35 

Resistor  Multipliers 

ISO 

36 

Resistor  Color  Codes 

160 

37 

Capacitor  Color  Code  Marking 

161 

38 

Button-Mica  Capacitor  Color  Coding 

162 

30 

Capacitor  Multipliers 

162 

40 

Universal  Time  Chart 

162 

Conversion  Factors 

163 

41 

Electromagnetic  Wave  Spectrum 

163 

42 

Characteristics  of  Radio  Waves 

163 

43 

DC  Meter  Formulas 

164 

44 

AWG  Copper  wire  Table 

165 

45 

Nomenclature  System 

166-160 

46 

Greek  Alphat>et 

160 

47 

Phonetic  Alphabet 

170 

48 

Power  Transformer  Color  Code 

171 

40 

Intermediate- Frequency  Transformer  Color  Code 

171 

50 

Audio- Frequency  Transformer  Color  Code 

171 

Basic  Laws  and  Common  Identities  of  Boolean  Algebra 

172 

Supersedes  Student  Handout  KEP  110,  ijuly  1974,  which  may  be  used  untU  supply  is 
exhausted. 


11 


139 


ERIC 


AfifiR£VXATI0M8  OF  FREQUENTLY  USICD  TERMS 


AC 
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H 
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d 
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dB 

decibel 

M 

mega 

dBm 
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diam 
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DC 

direct  current 

m 

meter 
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»tA 

microampere 

EMF 

electromotive  force 

^  P 

microfarad 

elct 

electronics 

*tH 

mlcrtiheniy 

elem 

element 

mlc 

microphone 

E 

energy  -  voltage 

^s 

microsecond 

P 

farad 

microvolt 

P/P 

fllp-^flop 

m 

milU 
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giga 

mV 

milUvolt 
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mW  mllUwatt 
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DEFINITIONS 


ABSOLUTE  SYSTEM  -  System  of  units  In 
wlUch  numbers  of  units  are  chosen  as  funda- 
mental and  all  other  units  are  derived  from 
them. 


ACORN  TUBE  -  Button  or  acom-shaped 
vacuum  tube*  with  no  base*  for  UHF 
applications. 


ABSORPTION  *  Loss  of  enor^y,  due  to  con* 
version  Into  heat  or  other  forms*  In  the 
transmission  of  waves  over  radio  or  wire 
paths. 

ABSORPTION  WAVEMETER  -  Instrument 
used  for  measuring  the  wavelength  and/or 
frequency  of  a  given  source  by  means  of  a 
calibrated  resonant  circuit*  loosely  coupled 
to  the  source*  Indicating  resonant  as  maxl* 
mum  current  In  the  calibrated  circuit. 

ACCELERATING  ANODE  OR  ELECTRODE  * 
(1)  Used  In  cathode*ray  and  other  electron 
tubes  to  Increase  the  velocity  of  the  electrons 
In  a  team.  It  is  operated  at  a  high  positive 
potential  with  respect  to  the  cathode.  (2)  Used 
for  drawing  electrons  away  from  a  light* 
sensitive  cathode  of  a  Farnsworth  image 
dissector  tut>e  for  a  television  camera. 

ACCEPTOR  -  An  Impurity  added  to  a  crystal 
during  manufacture  to  create  a  semlconduc-^ 
tor.  An  impurity  acceptor  creates  a  hole  in 
the  valence  band. 

ACCESS  TIME  -  Time  interval  which  is 
characteristic  of  a  storage  unit  in  an  elec- 
tronic computer  and  is  essentially  a  measure 
of  the  time  required  to  communicate  vrith 
that  unit. 

ACCUMULATOR  *  Device  in  an  electronic 
computer  which  stores  a  numter  and  which, 
on  receipt  of  another  number,  adds  it  to 
the  number  already  stored,  and  stores  the 
sum. 

AC  GENERATOR  *  (1)  Rotating  electrical 
machine,  generally  known  as  an  alternator, 
that  converts  mechanical  power  Into  alter- 
nating current.  (2)  Oscillator,  or  any  other 
device,  designed  for  the  purpose  of  producing 
alternating  current. 


ACTIVE  DEVICE  *  One  through  which  largo 
amounts  of  power  can  be  controlled  with 
smaller  amounts  of  power;  e.g.^  transistor* 
vacuum  tube,  or  relay. 

ACTIVE  OR  ACTUAL  POWER  -  Average 
of  values  of  Instantaneous  power  taken  over 
1  cycle. 

ACTUATING  DEVICE  -  Manually-  or 
automatically-operated  mechanical  or  elec* 
trical  device  which  operates  electrical  con- 
tacts to  effect  signal  transmission. 

ADAPTER  -  Fitting  which  is  designed  to 
adapt  a  Jack,  plug,  or  receptacle  so  as  to 
make  possible  electrical  connection  by  means 
other  than  those  originally  Intended. 

ADDER  -  Device  In  an  electronic  computer 
which  can  form  the  sum  of  two  or  more 
numbers  of  quantities  impressed  upon  it. 

ADJUSTABLE  VOLTAGE  DIVIDER  -  Wire- 
wound  resistor  having  one  or  more  movable 
terminals.  Terminals  can  be  moved  along 
the  length  of  the  exposed  resistance  wire 
until  the  desired  voltage  values  are  obtained. 

ADMITTANCE  *  Lack  of  opposition  to  the 
flow  of  alternating  current  In  a  circuit  (the 
reciprocal  of  impedance),  usually  expressed 
In  mhos. 

AIR  CAPACITOR  *  Capacitor  using  air  aa 
the  dielectric  material  between  its  plates. 

AIR-CORE  COIL  *  Coll  without  metal  in  its 
magnetic  circuit. 

AIR'CORE  TRANSFORMER  "  Transformer 
(usually  RF)  having  a  nonmetallic  core. 
Transformers  wound  on  a  solid  insulating 
substance,  such  as  isolantlte^  are  assmued 
to  hav«»  an  air  core. 
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ALLOY  *  Mixture  or  combtnatlon  of  two  or 
more  metals. 

ALNICO  -  Alloy  consisting  chleHy  of  alumi- 
num, nickel,  and  cobalt,  with  high  magnetic 
retentivity;  it  is  used  to  make  small,  power- 
ful permanent  magnets. 

ALPHA  -  Forward  current  transfer  ratio 
for  a  common-base  configuration. 

ALTERNATING  CURRENT  (AC)  -  Current 
that  is  reversing  tn  polarity. 

ALTERNATING-CURRENT  PULSE  - 
Alternating* current  wave  of  brief  duration. 

ALTERNATING-CURRENT  RESISTANCE  - 
Total  resistance  offered  by  a  device  tn  an 
AC  circuit. 

ALTERNATING  GHH)  VOLTAGE  -  The  AC 
Component  of  grid  voltage. 

ALTERNATING-CURRENT  COMPONENT  OF 
CinRRENT  -  That  portion  of  a  pulsating 
current  represented  by  the  changing  rate 
and/or  direction  of  electron  flow;  that  ia, 
in  the  absence  of  the  DC  component,  the 
average  electron  displacement  is  zero. 

ALTERNATING-CURRENT  COMPONENTOF 
VOLTAGE  -  That  portion  of  a  pulsating  volt- 
age wlUch  is  responsible  for  the  nonuniform 
electron  flow  tn  a  conductor  to  which  the 
pulsation  voltage  is  applied;  if  the  pulsating 
voltage  reverses  its  polarity,  the  AC  com- 
ponent is  responsible  for  the  reversals  of 
the  direction  of  electron  flow  as  well  as  for 
the  change  in  the  rate  of  flow. 

ALTERNATION  *  Variation,  either  positive 
or  negative,  of  a  waveform  from  zero  to 
majdmum  and  back  to  zero  (equals  one-half 
of  a  Cycle). 

ALTERNATOR  -  Rotating  machine  which 
generates  alternating  current. 

AMMETER  -  Instrument  used  for  measuring 
the  amount  of  current  in  amperes. 

AMORPHOUS  -  Devoid  of  regular  structure, 
especially  of  crystallne  structure. 


AMPERE  -  Practical  unit  of  current.  One 
ampere  will  flow  through  a  resistance 
of  1  ohm  when  a  difference  of  potential  of 
1  volt  Is  api^lied  across  termtnaiSi  i 

AMPERE-HOUR  QuanUty  of  electricity 
that  passes  through  a  circuit  tn  1  hour  when 
the  rate  of  flow  is  1  ampere. 

AMPERE-TX/BNa  -  Product  obtained  by  mul- 
tiplying the  number  of  turns  in  a  coll  by 
the  current  tn  amperes  flowing  through  the 
coil.  i 

AMPLIFICATION  *  Increase  tn  magnitude 
in  transmission  from  one  point  to  another, 
or  the  process  causing  this  increase.  It 
may  be  expressed  as  a  ratio,  or  by  exten- 
sion of  the  term,  tn  decibeiSi 

AMPLIFIER  -  Device  for  Increasing  the 
power  associated  with  a  phenomenon  with- 
out appreciably  altering  its  quality,  through 
Control  by  the  amplifier  Input  of  a  larger 
amount  of  power  supplied  by  a  local  source 
to  the  amplifier  output. 

AMPLITUDE  -  (1)  Maximum  displacement 
from  the  zero  position  of  an  alternating  cur- 
rent or  any  other  periodic  phenomenon. 
(2)  Amplitude  is  Commonly  used,  tn  a  gen- 
eral sense,  to  indicate  the  size  or  magnitude 
of  a  wave  or  current. 

AMPLITUDE  DISTORTION  -  Changing  of  a 
wave  shape  in  amplitude  so  that  it  is  no 
longer  proportional  to  its  original  ampli- 
tude. This  occurs  tn  an  amplifier  or  other 
device  when  the  amplitude  of  the  output  is 
not  exactly  a  linear  function  of  the  Input 
amplitude. 

AMPUTUDE  MODULATION  -  Modulation 
in  which  the  amplitude  of  a  carrier  is  the 
characteristic  varied. 

ANALOG  COMPUTER  -  (1)  A  computing 
machine  that  works  on  the  prtnci|;^e  of 
measurit^,  as  distinguished  from  counting, 
in  which  the  measurement  obtained,  as  volt- 
ages, resistance,  etc.,  are  translated  tnto 
desired  data. 


AND'OATE  -  Oftt«  wbOM output  Uanargtutf 
wh«A  and  only  When  every  input  n  in  ita 
prescribed  0tate.  An  AMD-gate  pertoriM  the 
function  of  the  logical  **ANDJ^  Also  called 
AND-clrcult.  I 

ANGUS  MODULATION-*  Modulation  m 
which  the  angle  of  a  einewave  id  varied. 

NOTE:  Phaee  and  FM  are  forms  of 

angle  modulation. 

ANGLE  OF  INCIDENCE  *  AjAgle  between  the 
perpendicular  to  a  reHectlng  aurface  at  the 
point  at  which  an  electromagnetic  wave 
strikes  a  surface  and  the  direction  from 
which  the  wave  approaches  the  surface.  A 
wave  perpendicular  to  the  surface  haa  a 
zero  angle  of  incidence. 

ANGLE  OF  LAG  -  Angle  by  which  One 
alternating  electrical  quantity  lags  another 
of  the  same  cyclic  period. 

ANGLE  OF  LEAD  ^  The  time  or  angle  by 
which  one  alternating  electrical  quantity 
leads  another  of  the  same  cyclic  period. 

ANGLE  OF  RADIATION  -  Angle  between 
the  surface  of  the  earth  and  the  center  of 
the  beam  of  energy  radiated  upward  into 
the  aky  ^m  a  transmitting  antenna. 

ANODE  -  (1)  Positive  electrode;  the  collec-* 
tor  of  a  aoUd-'State  diode;  the  plate  of  a 
vacuum  tube;  the  positive  pole  of  a  tube 
toward whlchtheelectronsmove.(2)  Positive 
electrode  of  an  electrochemical  device  (such 
as  a  primary  or  secondary  electric  cell) 
toward  which  the  negative  lona  are  drawn. 

ANODE  VOLTAGE  -  Voltage  between  the 
anode  and  cathode. 

ANTENNA  Any  structure  or  device  used 
to  detect  or  radiate  electromagnetic  waves; 
specifically  that  part  of  a  radar  or  of  a 
radlo^sendUng'  or  radlo-recelvtng  set  that 
contains^  or  Itgelf  consists  of»  that  apparatus 
that  radiates  waves  or  receiver  them. 

ANTENNA  ARRAY  -  Arrangement  of  antenna 
elements^  usually  dipoles^  which  results  in 
desirable  directional  characteristics. 

ANTENNA  CURRENT  -  An  RF  current  that 
flows  in  an  antenna. 
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ANTENNA  MATCHING  *  Proceee  of  adjust-* 
Ing  impedances  00  that  the  impedance  of  an 
antenna  equaU  the  charaeterlntle  impedance 
of  Its  tranimlaalon  line. 

ANTHUSSONANT  FREQUENCY  -  FreqMeney 
of  a  crystal  unit  for  a  particular  mode  of 
vibration  at  which  neglecting  dissipation, 
the  effective  impedance  of  the  crystal  unit 
id  infinite. 


APPARENT  POWER  -  The  power  value 
obtained  in  an  AC  Circuit  by  multiplying  the 
effective  values  of  voltage  and  current  - 
the  result  is  expressed  in  volt-camper es. 


AQUADAG  -  CoUoldal  suspension  of  graphite 
deposited  on  the  inner  side  walls  of  cathode- 
ray  tubes  to  serve  as  an  electrostatic  shield 
or  an  accelerating  anode. 

ARC  -  A  discharge  of  electricity  through 
a  gas,  normally  characterized  by  a  volt- 
age drop  approximately  equal  to  the  lonlza*- 
tlon  potential  of  the  gas. 

ARMATURE  ^  The  revolting  part  of  a  gen- 
erator^  motor^  or  other  electromagnetic 
device  which  has  current  induced  in  It  by 
motion.  (The  motion  may  be  relative  only; 
l.e.»  the  armature  itself  may  be  stationary^ 
and  the  field  rotate  around  It.) 

ARMATURE  CORE  Assembly  of  lamina^ 
tions  forming  the  magnetic  circuit  of  the 
armature. 

ARMSTRONG  OSCILLATOR  -  Inductive  feed- 
bade  oscillator^  that  consists  of  a  tuned- 
base  (grid)  circuit  and  untuned-^tlckler 
coil  in  the  collector  (plate)  circuit.  Con- 
trol of  feedbadc  Id  accomplished  by  vary- 
ing the  cotqpUng  between  ,the  tickler  and 
the  Imse  (grid)  circuit. 

ARTIFICIAL  LINE  -  Circuit  made  up  of 
lumped  constants^  which  iB  used  to  simulate 
various  characteristics  of  a  transmission 
line. 
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ASTtOMAlriSM  *  In  an  eloctron^beam  tube* 
a  focua  defect  In  which  electrons  In  dlf* 
ferent  axial  planed  come  to  focuB  at  different 
points. 

ATOM  *  Smallest  particle  Into  which  matter 
can  be  divided. 

ATOMIC  NUMBER  -  In  chemistry*  a  number 
representing  the  relative  position  of  an  ele* 
ment  In  the  periodic  table  In  which  the  ele* 
ments  are  arranged  In  the  order  of  either 
their  atomic  weights  or  thelrnuclear  charges; 
number  representing  the  positive  charge  or 
number  of  protond  In  the  nucleus  of  the  atom 
of  an  element. 

ATTENUATOR  *  Device  for  reducing  the 
amplitude  of  a  current.  Attenuators  are 
most  commonly  combinations  or  networks  of 
resistance^  either  fixed  or  adjustable.  In 
Its  many  different  forms  and  appUcatloos* 
the  attenuator  becomes  known  variously  as 
pad^  gain  control^  level  adjustor*  volume 
control^  etc. 

ATTRACTION  -  Force  that  tends  to  make 
two  objects  approach  each  other.  Attraction 
exists  between  two  unlike  magnetic  poles 
(North  and  South)  or  between  two  unlike 
static  charges  (plus  and  minus). 

AUDIO  FREQUENCY  *  Frequency  which  can 
be  detected  as  a  sound  by  the  human  ear. 
The  range  of  audio  frequencies  extends  ap* 
proximately  from  15  to  20^000  hertz. 

AUDIO- FREQUENCY  CHOKE  -  Choke  used 
bD  impede  the  flow  ot  audio-frequency  cur- 
rents; generally  a  coll  wound  on  an  iron 
core. 

AUDIO- FREQUENCY  OSCILLATOR  -  Oscil- 
lator unit  or  circuit  producing  osclllatlond 
at  audio  frequencies;  such  as  an  oscillator 
used  with  headphones  and  a  telegraph  key 
for  code  practice. 

AUDIO-FREQUENCY  TRANSFORMER  - 
Transformer  designed  to  transfer  audio- 
frequency signals  fxx^m  onecirculttoanother. 
Commonly  used  to  match  two  different  cir- 
cuit impedances  and  permit  maximum  power 
transfer. 


AUTOMATIC  CmCUrr  breaker  -  Device 
that  automatically  opens  a  circuity  usually 
by  electromagnetic  means,  when  thecurrent 
exceeds  a  safe  value. 

AUTOMATIC  FREQUENCY  CONTROL  -  An 
arrangement  whereby  the  frequency  of  an 
oscillator  is  automatically  maintained  within 
specified  limits. 

AUTOMATIC  GAIN  CONTROL  -  Type  of 
circuit  used  to  maintain  the  output  volume 
of  a  receiver  constant*  regardless  of  varia- 
tions In  the  signal  strength  applied  to  the 
receiver. 

AUTOMATIC  NOISE  LIMITER  -  A  circuit 
that  automatically  cuts  off  all  noise  peaks 
that  are  stronger  than  the  highest  peak  in 
the  desired  signal  being  received*  thereby 
preventing  loud  crashing  noises  due  to  strong 
atmospheric  or  manmade  Interference. 


AUTOTRANSFORMER  -  Transformer  with 
a  single  winding  (electrically)  in  which  the 
whole  winding  acts  as  the  primary  winding* 
and  only  part  of  the  winding  acts  as  the 
secondary  (stepdown);  or  part  of  the  wind- 
ing acts  as  the  primary  and  the  whole 
winding  acts  as  the  secondary  (stepup). 

AVALANCHE  BREAKDOWN  -  A  breakdown 
that  is  caused  by  the  cumulative  multipli- 
cation of  charge  carriers  through  field- 
Induced  Impact  ionization. 

AVERAGE  VALUE  -  Average  of  many  in- 
stantaneous amplitude  values  taken  at  equal 
Intervals  of  time  during  an  alternation  (half- 
cycle)  of  alternating  current.  The  average 
value  of  one  alternation  of  a  pure  sine 
wave  is  0.637  times  its  maximum  or  peak 
amplitude  value. 

AXIS  -  Straight  line^  real  or  Imaginary^ 
that  passes  through  a  body  and  about  which 
the  body  may*  or  actually  does^  revolve. 

BACK  BIAS  -  Degenerative  or  regenerative 
voltage  which  Is  fed  back  to  circuits  before 
its  originating  point.  It  is  usually  applied 
to  a  control  anode  of  a  tube. 
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BACK  ELECTltOMOTIVB  FORCE  -  Tbfi 
counter  SMF  ot  any  iyitem  U  tb«  ttteotln 
EMF  vlthln  tb«  iyMtom  irhl«h  OppMti  tb« 
pa«iac«  of  current  In  a  ipaomed  dlrtetlon* 

BACK-TO- FRONT  RATIO  -  Ratio  U4dd  In 
comiAcUoD  vlth  aatefluvm,  mvtal  rectlflera* 
or  any  device  In  irhlch  signal  atrengtb  or 
reelstance  In  one  direction  1b  compared  to 
tbat  In  the  opposite  direction* 

BALANCED  CIRCUIT  -  A  circuit,  the  tm 
eldea  of  which  are  electrically  alike  and 
symmetrical  vlth  respect  to  a  common  refer* 
ence  point,  usually  ground* 

BALANCED  TRANSIUSSION  LINE  -  Trans- 
mission line  bavins  equal  conductor  resist*- 
ances  per  unit  length  and  equal  Impedance 
from  each  conductor  to  earth  and  to  other 
t  electrical  circuits* 

BALLAST  RESISTOR  -  Spedaltype  of  resis- 
tor to  compensats  for  fluctuations  In  AC 
power  Una  voUage*  It  Is  usually  connected 
In  series  with  the  power  supply  to  a  recelTer 
or  amplifier*  The  resistance  of  a  ballast 
resistor  Increases  rapidly  with  Increases  In 
current  through  It^  thereby  tending  to  maintain 
essentially  constant  current  despite  varia- 
tions In  line  ToUage* 

BAND  "  Range  of  frequency  spectrum  between 
two  defined  limits. 

BANDPASS  "  Expresses  the  frequendeswhlch 
wlU  pass  between  the  limits  of  a  band  at 
the  desired  fraction  (usually  halfpower)oftbe 
maximum  output* 

BANDWIDTH  -  Range  within  the  limits  of  a 
band.  Tbe  width  of  a  bandpass  niter  Is 
generally  taken  as  the  limits  iMtween  which 
its  attenuation  Is  not  more  than  3*0  declt)els 
from  the  average  attenuation  throughout  its 
bandpase.  Also  used  In  connection  with  re-^ 
ceive  selectlTtty^transmittedfrequency spec- 
trum occupancy^  etc* 

BARRIER  LAYER  -  Surf^e  of  contact  be- 
tween a  metal  and  semiconductor*  It  acts 
as  a  rectifier  of  alternating  currents*  Some 
barrier  layers  when  Illuminated,  generate  a 
voltage  through  photovoltaic  action*  The  Junc- 
tion t>etween  c<^pper  and  curous  oxide  In  the 
photoelectric  cell  Is  a  barrier  layer* 


BASE  -  See  TRANSISl^R  BASE* 

BATTERY  -  Device  for  converting  chemical 
energy  into  electrical  energy* 

BEAM  FORMINO  PLATES  *  Electron  beam 
focusing  elements  In  power  tetrodes  and 
In  cathode-^ray  tubes* 

BEAM  POWER  TUBE  -  An  electron-beam 
tube  In  which  directed  electron  t)eams  con- 
trilnite  substantially  to  its  power-tiandUng 
capaUlity,  and  In  which  the  control  grid 
and  the  screen  grid  axe  essentially  aligned* 

BEAT  FREQUENCY  -  One  of  the  two  addl-* . 
tlonal  frequencies  generated  when  signals  of 
two  dltlerent  fTequendes  are  combined*  The 
beat  frequencies  are  equal  to  the  sum  and  the 
difference  of  the  two  original  frequencies* 

BETA  -  Forward  current  transfer  ratio  of  a 
common-emitter  configuration* 

B-H  CURVE  *  Curve  plotted  to  show  suc- 
cessive states  during  magnetl2atlon  of  a 
femmagnetlc  material.  A  normal  magnetisa- 
tion curve  is  a  portion  of  a  symmetrical 
hysteresis  loopt  while  a  virgin  magnetisation 
curve  shows  what  happens  the  first  time 
the  material  Is  magnetized* 

BIAS  -  Average  DC  voltage  or  current  used 
to  establish  an  operating  point* 

BIFILAR  -  Transformers*  Inductors*  etc** 
are  said  to  be  blfllar  wound^  when*  to  achieve 
a  desired  balance  (similarity  between  wind- 
ing), two  conductors  are  wound  simultaneously 
side-'by^slde* 

BIHETALUC  STRIP  -  Strip  formed  of  two 
dissimilar  metals  welded  together*  The 
metals  have  different  temperaure  coeffi- 
cients of  ^q;»anslon*  causing  the  strip  to  bend 
or  curl  when  the  temperature  changes* 

BINARY  -  (1)  Characteristic  or  property  In* 
vdvlng  a  choice  or  selection,  using  only  two 
symbols:  such  as  0  and  1,  on  or  off,  go  or 
stop*  (2)  A  number  system  whose  successive 
dl0ts  are  interpreted  as  coefficients  of  the 
successive  powers  <tf  the  base  two* 
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BLEEDER  RESISTOR  -  R«fltstor  vhlch  U 
uaed  to  draw  a  fixed  current.  Aldo  U06d» 
M  a  0af«ty  m«aBur6,  to  diacbarge  filter 
capacitors  after  th«  circuit  la  d««n«rKlzed. 

fiU3CK  DIAGRAM  -  Diagram  In  wUch  the 
«flfl«ntlal  units  of  any  system  are  dramt  In 
th«  form  of  blocks^  and  ttwlr  relation  to 
«ach  other  Indicated  by  appropriate  con* 
nectlng  lines. 


BUFFER  Circuit  or  eompoici«nt  which 
isolates  one  electrical  circuit  from  anotber. 
Usually  refers  to  amplifiers  used  for  this 
purpose. 

BUFFER  DRUM  *  tn  a  computer^  a  mag* 
netlc  drum  designed  to  accept  Information 
from  input  or  output  circuits  and  retain 
It  until  used. 


fiUlCKINO  OSCILLATOR  *  An  oscillator 
operating  Intermittently  with  bias  increasing 
during  oscillation  to  a  point  where  oscilla- 
tions stop»  then  decreasing  imtXL  oscillation 
10  resumed. 

BREADBOARD  -  In  electronics  or  senro 
work»  an  arrangement  In  which  components 
are  fastened  temporarily  to  a  board  or 
chassis  for  experimental  purposes. 

BREAKDOWN  OF  A  SEMICONDUCTOR 
DIODE  *  A  Change  which  takes  place  as 
reverse  bias  la  Increased  from  a  region  of 
high*dynamlc  resistance  to  a  region  of  sub- 
stantially lower  dynamic  resistance;  a  sharp 
increase  in  reverse  curretit  for  Increasing 
magnitude  of  bias. 

BREAKDOWN  VOLTAGE  -  (I)  Voltage  at 
which  an  Insulator  or  dielectric  ruptures* 
or  at  which  ionization  and  conduction  take 
place  in  a  gas  or  vapor.  (2)  Of  a  semi- 
conductor diode*  the  v<^tage  measured  at  a 
specified  current  in  the  breakdi)wn  region. 

BRIDGE  CIRCUIT  -  Network  ^ch  is  so 
arranged  that  when  an  electromotive  force 
is  present  In  one  branchy  the  response  of  a 
stiltable  detecting  device  in  another  branch 
may  be  made  zero  by  a  suitable  adjustment 
of  the  electrical  constants  of  otlll  other 
branches. 

BRIDGED  T-NETWCRK  -  Network  with  the 
two  series  Impedances  of  the  T  bridged  by 
a  fourth  Impedance. 

BRIDGE  RECTIFIER  -  Full-wave  rectifier 
with  four  elements  connected  in  a  bridge 
circuit  so  that  direct  vollage  is  obtained 
from  one  pair  of  opposite  Junctions  when 
alternating  voltage  is  applied  to  the  other  pair. 


BYPASS  CAPACITOR  -  A  capacitor  for 
providing  an  AC  path  of  comparatively  low 
Impedance  around  some  circuit  or  element. 

CALIBRATION  -  Process  of  comparing  an 
Instrument  or  device  with  a  standard  to 
determine  its  accuracy  or  to  devise  a  cor- 
rected scale. 

CAPACITANCE  -  (I)  AblUty  to  store  elec- 
trical energy^  measured  In  farads^  micro- 
farads^  or  picofarads*  (2)  Property  of  a 
Capacitor  which  determines  the  amount  of 
electrical  energy  which  can  be  stored  In  it 
by  flying  a  given  voltage.  (3)  Property  of 
two  or  more  bodies  which  enables  them  to 
store  electrical  energy  in  an  electrostatic 
field  between  them.  (4)  Ratio  of  the  electric 
charge  transferred  from  one  conductor  to 
another^  the  difference  of  potential  between 
the  conductors.  (9)  Ot  a  semiconductor  dlode^ 
the  smaU^^slgnal  capacitance  measured  be- 
tween the  terminals  of  the  diode  under  spec- 
ified   conditlcms  of  bias  and  frequency. 

CAPACITIVE  REACTANCE  *  The  opposition 
of  a  capacitor  to  a  change  In  an  applied 
voltage^  and  dissipates  no  power^  to  al- 
ternating current  or  pulsating  direct  current. 
Measured  In  ohms»  it  is  calculated  as: 
Xc  =  I/aiTf  C. 

CAPACITOR  -  Device  consisting  essentially 
of  two  conducting  surfaces  separated  1^ 
an  insulating  material  or  dielectric  such 
as  alr^  paper^  mlca»  glass^  or  oil.  A  capa- 
citor stores  electrical  energy^  blocks  the 
flow  of  direct  current^  and  reacts  when 
applied  voltage  decreases  to  permit  the 
flow  of  alternating  current^  to  a  degree 
dependent  on  the  capacitance  and  the 
frequency. 
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CAPACITOR-mPUT  FILTER  -  FUtdr  which 
;hu  a  capacitor  oonnectad  directly  acrosi 
(in  parallel  with)  Iti  input. 

CARBIER  FREQUENCY  -  The  frequency 
of  the  unmodulated  fundamental  output  of  a 
radio  transmitter,  normaUy  measured  In 
hertz. 

CATHODE  -  An  electrode  through  which  a 
primary  stream  of  electrons  enters  the 
interelectrode  space. 

CATHODE  BIAS  -  Bfothod  of  biasing  a  vacuum 
tube  by  placing  tto  biasing  resistor  in  the 
common  cathode-return  circuit. 

CATHODE  CURRENT  -  The  net  current 
from  an  electrode  Into  the  intereloctrode 
space. 

CATHODE-RAY  TUBE  -  Vacuum  tube  In  which 
the  Instantaneous  positlonof  asharplylbcused 
electron  beam,  deflected  by  means  of  electro* 
static  and/or  electromagnetic  fields.  Is  Indi- 
cated by  a  spot  of  Ugbt  produced  by  the 
Impact  of  the  electrons  in  aflourescent  screen 
at  One  end  of  the  tube. 

CAT  WHISKER  -  Small,  sharp-pointed  wire 
used  to  make  contact  with  a  sensitlTe  point 
of  the  surl^e  of  a  semiconductor. 

CAVTTY  RESONATOR  -  (1)  HbUow  metalUc 
cavity  in  which  electrontia^ietic  oscillations 
can  exist  when  the  cavity  is  properly  excited. 
(2)  Space  normally  bounded  by  an  electrically 
conducting  surface  i  n  which  oscillating 
electromagnetic  energy  is  stored,  and  whose 
resonant  frequency  is  determined  by  the 
geometry  of  the  enclosure. 

CHARACTERISTIC  CURVE  *  Graph  plotted 
to  show  the  relation  of  voltage  and  current 
values.  An  example  is  a  curve  to  show  bow 
the  plate  current  changes  with  variations  In 
the  plate  voUage,  holding  the  grid  voltage 
constant. 

CHARACTERISTIC  IMPEDANCE  -  Impedance 
of  a  transmission  line  which  would  be 
measured  if  that  Une  were  uniform  In  all 
respects  throughout  its  length  and  of  Infinite 
length.  A  line  will  appear  to  be  infinitely 
long  If  terminated  in  a  load  equal  to  its 
characteristic  Impedance. 


CHARGE  -  (1)  Electrical  energy  stored 
in  a  capacitor  or  battery  or  held  on  an 
insulated  object.  (3)  Quanuty  of  electrical 
energy  held  on  an  insulated  object  or  in  a 
capacitor  under  static  conditions. 

CHARGED  BODIES  -  Bodies  with  an  excess 
or  deficiency  of  electrons. 

CHARGE  DENSITY  -  Charge  per  unit  area 
on  a  surface  or  charge  per  unit  volume  In 
space. 

CHARGING  CURRENT  -  (1)  Current  that 
charges  an  electrical  storage  unit. 
(S)  Current  that  restores  energy  to  a 
storage  battery. 

CHOKE  -  An  Inductor  used  to  smooththeflow 
of  pulsating  direct  current  or  alternating 
current  by  means  of  its  self-inductance 
without  appreciable  effect  on  the  flow  of  DC. 

CIRCUIT  -  Electronic  path  between  two  or 
more  points. 

CIRCUIT  DIAGRAM  *  Schematic  drawing 
of  the  electrical  connections  of  an  elec- 
tronic device  or  equipment. 

CLASS  A  AMPUFIER  *  Amidlfier  In  which 
the  input  bias  and  aUsmatlng  input  ampli'* 
tudes  are  such  that  output  current  flows 
at  all  . times.  Operation  in  the  linear  portion 
of  its  characteristic  curve  gives  an  output 
amplified  facsimile  of  the  input. 

CLASS  AB  AMPUFIER  -  Amplifier  In  which 
the  input  bias  and  alternating  input  ampli- 
tudes are  such  that  output  current  flows 
for  appreciably  more  than  halt  but  less  than 
the  entire  input  signal  cycle  (between  class 
A  and  class  B  operation). 


CLASS  B  AMPLIFIER  -  Amplifier  In  which 
the  Input  bias  is  approximately  equual  to  the 
cutoff  value,  so  that  the  output  current 
is  approximately  zero  when  no  Input  signal 
is  applied  and  flows  fdr  apprcndmately  one- 
half  of  each  cycle  wlten  an  alternating  input 
signal  is  applied. 


CLASS  C  AMPUPIER  -  AmplUlor  In  whidi 
the  Input  bias  Is  appreciably  greater  than  the 
cutoff  value^  so  that  the  output  current  Is 
3Sero  when  no  alternating  Input  signal  Is 
applied  and  flows  for  appreciably  less  than 
one-half  of  each  cycle  when  an  alternating 
Input  signal  ts  applied. 

CLOCK  -  Primary  source  of  electronic 
computer  synchronizing  signals. 

CLOCK  FREQUENCY  *  In  SAGE,  the  master 
frequency  of  periodic  pulses  scheduling  the 
operation  of  the  computer. 

CLOSE  COUPUNG  -  Degree  of  coupling 
greater  than  the  critical  coupling. 

COAXIAL  -  Having  one  axis  within  another » 
as  a  coaxial  cable^  with  a  single  cylindrical 
conductor  suspended  In  the  center  of  another 
conductor. 

COAXIAL  CABLE  '  Cable,  used  as  a  trans' 
mission  Une,  consisting  of  one  conductor, 
usually  a  small  copper  tube  or  wire,  within 
and  insulated  from  another  conductor  or 
larger  diameter,  usually  copper  tubing  or 
copper  braid.  The  outer  conductor  may  or 
may  not  be  grounded.  Radiation  from  this 
type  of  line  is  practically  zero. 

COEFFICIENT  OF  COUPLING  -  Numerical 
indicator  of  the  degree  of  coupling  existing 
between  two  circuits. 

COIL  •  "nirns  of  wire  wound  on  an  Iron 
core  or  on  a  coll  form  made  of  insulating 
material  so  as  to  be  self-supporting.  A  coll 
offers  considerable  opposition  to  the  passage 
of  alternating  current  but  very  Uttle  opposi- 
tion to  direct  current. 

COLD  CATHODE  "  A  cathode  whose  opera- 
tion does  not  depend  on  Its  temperature 
being  above  the  ambient  temperature. 

COLLECTOR  -  In  a  transistor,  an  electrode 
through  which  a  primary  flow  of  carriers 
leaves  the  Inter  elect  rode  region. 


COLLECTOR  JUNCTION  -  Of  a' transistor, 
a  Junction  normally  biased  in  the  high  re' 
sistance  direction,  through  wMch  the  current 
can  be  controlled  by  the  Introduction  of 
minority  carriers, 

COLPITTS  OSCILLATOR  -  An  LC  oscilla- 
tor In  which  a  parallel-tuned  tank  circuit 
is  connected  between  base  and  collector 
or  grid  and  plate^  with  the  tank  capacitance 
containing  two  voltage- dividing  capacitors  In 
series  and  with  their  common  connection 
at  emitter  or  cathode  potential. 

COMMUTATION  -  Mechanical  process  of  con* 
verting  the  alternating  current  wlilch  flows 
in  the  armature  of  DC  generators  Into  the 
DC  generator  output. 

COMMUTATOR  "  Device  used  on  electric 
motors  or  generators  to  maintain  an  unl* 
directional  current, 

COMPENSATED  SEMICONDUCTOR  -  A 
semiconductor  In  which  one  type  of  impurity 
or  imperfection  (e^s*,  donor)  partially  can* 
eels  the  electrical  effects  of  another  type 
of  impurity  or  imperfection  (e^.^  acceptor). 

COMPENSATED  VOLUME  CONTROL  ' 
Device  In  a  radio  receiver  that  changes 
the  tonal  balance  of  the  loudspeaker  out- 
put for  different  output  levels  to  compen- 
sate for  corresponding  variations  in  the 
response  characteristics  of  the  human  ear. 

COMPONENT  -  A  functional  part  of  a  sub- 
system or  equipment  wldch  is  essential  to 
operational  completeness  of  the  subsystem 
or  equipment^  and  which  may  consist  of  a 
combination  of  parts*  assemblies^  acces- 
sories^ and  attachments.  Examples  are  radio 
transmitter  unlt»  radio  receiver  unlt»  ampli- 
fier unit*  analyzer  unit*  computer  unlt»  and 
control  box. 

CONDUCTANCE  -  Ability  of  a  material  to 
conduct  or  carry  an  electric  current.  It  is 
the  reciprocal  of  the  resistance  and  is 
expressed  In  mhos. 

CONDUCTION  BAMD  -  A  range  of  states 
In  the  energy  spectrum  of  a  solid  in  which 
electrons  can  move  freely. 
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CONDUCTION  CUBRENT  -  Movamont  of 
iTtt  chargas  composing  an  eliictrlc  current. 


CONDUCTION  ELECTRONS  -  The  electrons 
In  the  conduction  band  of  a  solid,  which  are 
free  to  move  under  the  Influence  of  an 
electric  field. 

CONDUCTION  FIELD  -  The  energy  sur- 
rounding a  conductor  when  an  electric  cur- 
rent la  passed  through  the  conductor,  which, 
because  of  the  difference  In  phase  botween 
the  electrical  field  and  magnetic  field  set  up 
In  the  conductor,  cannot  bo  detached  from  the 
conductor. 

CONDUCTOR  -  Material  which  permits  the 
passage  of  an  electric  current. 

CONDUIT  r  Tube  of  steel,  tile,  wood,  or 
other  material  through  which  cables  orwlres 
can  be  passed. 

CONE  -  Coae*shaped  part  of  a  loudspeaker 
that  actually  moves  the  air. 

CONSTANT  *  Anything  invariable  or  not 
subject  to  change. 

CONTACT  -  Part  of  an  equipment  designed 
to  touch  a  similar  contact  to  permit  cur* 
rent  to  How,  or  designed  to  break  this  union 
to  cause  current  to  cease. 

CONTINUITY  *  The  presence  of  a  complete 
path  through  which  current  can  flow. 

CONTINUOUS  WAVES  -  Successive  osdUa* 
tlons  of  waves,  identical  under  steady-state 
conditions.  Generally,  radio  waves  are  of  a 
constant  amplitude  and  constant  frequency. 

CONTROL  ELECTRODE  *  An  electrode  used 
to  Initiate  or  vary  the  current  between 
two  or  more  electrodes. 

CONTROL  GRID  -  Grid  electrode,  originally 
placed  between  the  cathode  and  anode  of 
an  electron  tube,  for  use  as  a  control  electrode. 

CONTROL  GRID  BIAS  -  Average  DC  volt* 
age  between  the  coottrol  grid  and  cathode 
of  a  vacuum  tube. 


CONTROL  TRAMSFOHMBR  -  Synchro  in 
which  the  electrical  output  of  the  rotor  is 
dependent  on  both  ,  the  shaft  position  and 
the  electrical  Input  to  the  stator. 

CONTROL  UNIT  -  In  computers,  that  part 
which  causes  the  arithmetic  unit,  storage, 
and  transfer  of  a  computer  to  operate  in 
proper  sequence. 

CONTROL  WINDING  -  Winding  by  means  of 
which  a  controlling  magnetomotive  force  Is 
applied  to  a  core. 

COKVERSION  GAIN  -  (1)  Ratio  of  the  IF 
output  voltage  to  the  input  signal  voltage 
of  the  first  detector  of  a  superheterodyne 
receiver.  (2)  Ratio  of  the  available  IF  power 
output  of  a  converter  or  mixer  to  the  avail* 
able  RF  power  Input. 

CONVERTER  *  Section  of  a  superheterodyne 
radio  receiver  which  converts  the  desired 
incoming  RF  signal  to  a  lower  carrier  fre« 
quency  known  as  the  intermediate  frequency. 

CONVERTER  TUBE  -  Multielement  vacuum 
ttibe  used  both  as  a  mixer  and  an  oscillator 
in  a  superheterodyne  receiver.  It  creates  a 
local  frequency  and  combines  it  with  an 
incoming  signal  to  produce  an  intermediate 
frequency. 

COPPGR'OICIDE  RECTIFIER  *  A  metallic 
rectifier  made^  of  alternate  layers  of  one 
or  more  discs  or  squares  of  copper  on 
copper  cudde. 

CORE  -  (1)  Magnetic  material  placed  with* 
in  a  ccdl  to  change  the  Intensity  of  the 
magnetic  field.  (2)  Magnetic  material  Inside 
a  relay  or  inductor  coil  winding. 

CORNER  -  Abrupt  Change  In  the  directim 
of  the  axis  of  a  waveguide. 

CORONA  *  Lumlnlous  discharge  due  to  loot^ 
zation  of  the  air  surrounding  a  conductor 
around  which  exists  a  voltage  gradient  ex* 
ceedlng  a  certain  critical  value. 


11 


ERLC 


150 


COULOMB  M«a0ur4  of  th«  iiuantlty  of 
•Itctrlclty*  Om  coulomb  U  equal  to  a  cur- 
rent oi  1  ampere  flowing  for  1  eecond; 
8.38  X  IQlB  electrone  equal  1  coulomb* 

COULOMB'S  LAW  -  Law  of  electroetaUc 
attraction.  The  force  of  attraction  or  reptfl* 
eion  between  two  chargefl  of  electricity  con* 
centrated  at  two  polnta  In  an  isotropic  medium 
Is  proportional  to  the  product  of  their  magnl^ 
tudes  and  Is  Inversely  proportional  to  the 
sipiare  of  the  distance  between  them. 

COUNTER  *  Circuit  which  counts  Input 
pulses.  One  specific  type  Is  a  circuit  which 
produces  one  output  pulse  each  time  it 
receives  some  predetermined  number  of 
Input  pulses.  The  same  term  may  also  be 
applied  to  several  such  circuits  connected  In 
cascade  to  provide  digital  counting. 

COUNTER-ELECTROMOTIVE  FORCE  -  The 
effective  electromotive  force  within  the  sys- 
tem which  opposes  the  passage  of  current 
In  a  given  direction. 

COUNTERPOISE  -  A  system  of  wires  or 
other  conductors^  elevated  above  and  In- 
sulated from  the  ground^  forming  a  lower 
System  of  conductors  of  an  antenna* 

COUNTING  CIRCUIT  'Circuit  which  receives 
uniform  pulses  representing  tmlts  to  be 
counted  and  produces  a  voltage  In  proportion 
to  their  frequency* 

COUPLING  -  Association  of  two  circuits 
so  that  electrical  energy  may  be  transferred 
from  one  to  the  other. 

COUPLING  CAPACITOR  -  Capacitor  used  to 
couple  two  circuits  together*  Coupling  is 
accomplished  by  means  of  capacitlve  react- 
ance common  to  both  circuits. 

COUPLING  TRANSFORMER  -  Transformer 
used  to  couple  two  circuits  by  means  of 
mutual  inductance. 

CRinCAL  ANGLE  -  Maximum  angle  at  which 
a  radio  vave  maybe  emlttedfromanantenna* 
In  respect  to  the  plane  of  the  eartbi  and  still 
be  returned  to  the  earth  by  refraction  in  the 
ionosphere* 


Critical  COUPLINQ  -  Degree  of  coupling 
between  two  circuits  independently  resonant 
to  the  same  frequency  which  results  in  maxi- 
mum transfer  of  energy  at  the  resonant 
frequency. 

CROSS  MODULATION  -  Cross  modulation  is 
unwanted  modulation  produced  by  one  fre- 
quency altering^  in  some  manner^  another 
frequency.  Cross  modulation  usually  results 
from  nonlinear  circuits  or  overloading  of 
equipment  and  generally  causes  crosstalk^ 
either  intelligible  or  unintelligible. 

CROSSTALK  -  Unwanted  sound  reproduced 
by  a  given  transmission  channel  resulting 
from  cross  coupling  to  anotlier  transmission 
channel^  or»  by  extension,  the  electric  waves 
In  the  disturbed  channel  which  result  In 
sound. 

CRYSTAL  -  (1)  Natural  substance*  such  as 
quartz  or  tourmaline^  whlcbls capable ofprc- 
duclng  a  voltage  when  under  pressure  or 
stress*  or  producing  pressure  wtien  under  an 
applie  d  voltage.  It  has  tlie  p  roperty  of  respond- 
ing Only  to  a  given  frequenqr  when  cut  to  a 
given  thickness.  It  le  therefore  a  valuable 
medium  to  control  the  frequency  of  radio 
transmitters*  (2)  Nonlinear  element*  such  as 
galena  or  silicon,  in  which  case  the  piezo- 
electric characteristic  is  not  exhibited. 

CRYSTAL  CONTROLLED  TRANSMITTER  - 
Radio  transmitter  whose  carrier  frequency 
is  directly  controlled  by  a  crystal  oscillator* 

CRYSTAL  DETECTOR  -  Mineral  or  crystal- 
line material  which  allows  electrical  cur* 
rent  to  flow  more  easily  in  one  direction 
than  In  t)ie  opposite*  thus  converting  alter- 
nating current  to  pulsating  current* 

CRYSTAL  OSCILLATOR  -  Oscillator  circuit 
in  which  a  crystal  is  used  to  control  the 
frequency  and  to  reduce  frequency  Insta- 
btUty. 

CRYSTAL  OVEN  -  Container*  maintained 
at  a  constant  temperature*  In  which  a  crystal 
and  Its  holder  are  enclosed  In  order  to 
reduce  frequency  drift. 
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Crystal  rectifier  -  EliotricaUy  con- 
ductivft^  or  i#mlcoiiduoUT*iUb«tino#»nitural 
or  iyntbttlc^  which  bw  ttbi  property  of 
rtotUylng  volUgM* 

CUBREMT  -  Drift  of  «lflCtroni  put  a  rofcr- 
cnce  point,  Tb«  puisge  of  4l«ctrDni  through 
a  conductor*  Measured  In  ampere«« 

CURRENT  AMPUnCATION  -  Ratio  of  out- 
put to  Input  currents  of  an  amplifier^  or 
transducer* 

CURRENT  AMPUFOBR  -  AmpUfler  capable 
of  delivering  considerable  current  at  a  low 
voltage. 

CURRENT  SATURATION  *  CondlUontnwhich 
the  current  of  a  device  cannot  be  further 
increased  by  increasing  tbe  voltage. 

CUTOFF  -  Minimum  value  of  bias  which 
cuts  oUp  or  stops,  the  flow  of  tube  current. 
In  a  transistor^  when  the  output  is  no  longer 
a  function  ofthe  input  and  current  is  minimum' 

CUTOFF  UMTriNG  *  Limiting  a  signal 
by  driving  an  ampUHer  beyond  cutoff. 

CYCLE  -  (1)  One  complete  positive  and  one 
complete  negative  alternation  of  an  alter-* 
natlng  current.  (2)  Complete  setof  anyrecur- 
rent  values* 

CYCLE  PER  SECOND  -  The  munber  of  cycles 
occurring  in  1  second  Is  calledthe  frequency. 
Frequency  is  expressed  in  hertz  (Hz). 

DAMPED  OSCILLATION  *  Oscillation  which, 
because  the  driving  force  has  been  removed, 
gradually  dies  out,  each  cycle  being  smaller 
than  the  preceding,  in  smooth,  regulardecay. 

DAMPED  WAVE  -  A  wave  such  that,  at 
every  point,  the  amplitude  of  each  sinusoidal 
component  is  a  decreasing  function  of  the 
time. 

DAMPING  '  (I)  Reduction  of  energy  in  a 
mechanical  or  slectrical  system  by  absorp- 
tion or  radiation.  (2)  Act  of  reducing  the 
amplitude  of  the  oscillations  of  an  cscil* 
latory  system;  hindering  or  preventing  oscil- 
lation or  vibration;  diminishing  tbe  sharpness 
of  resonance  of  the  natural  ^req^ency  of  a 
system. 


/ 

D'ARSONVAL  MOVEMENT  -  Meter  move- 
ment commonly  used  in  precision  instru* 
menti  for  DC  measurements*  It  consists 
essentially  of  a  siniall^  lightweight  coll  of 
wire  supported  on  Jeweled  bearings  between 
the  poles  of  a  permanent  magnet*  Spiral 
springs  provide  connections  to  the  coll  sad 
keep  the  coll  and  its  attached  pointer  at 
zero  position  on  the  meter  seals*  When 
the  direct  current  to  be  measured  is  sent 
through  the  coll,  its  magnetic  field  inter- 
acts with  that  of  the  permanent  magnet  and 
causes  rotation  of  the  coll  and  pointer* 

DATA  -  Plural  term  collectively  used  to 
designate  material  serving  as  a  basis  for 
discussion;  material  may  or  may  not  be 
technical  in  nature.  Tbe  singular  of  data  is 
datum* 

DATA  LINK  *  A  communication  link  in  which 
Intelligence  is  represented  by  digital  data 
rather  than  by  literal  means. 

DATA  PROCESSING  *  Operations  performed 
on  Information  to  modify  it  in  accordance 
with  prescribed  rules  so  it  can  be  inters 
preted  as  required  by  a  system. 

DC  AMPLIFIER  -  An  amplUier  capable  of 
amplUying  direct  voltages.  It  generally  em- 
ploys, between  stages,  either  resistive  cour 
pling  alone,  or  resistive  coupling  combined 
with  other  forms  of  coupling. 

DC  GENERATOR  Rotating  electrical  ma- 
chine that  converts  mechanical  power  into 
DC  power. 

DC  PLATE  RESISTANCE  -  Value  or  char- 
acteristic used  In  vacuum-^tube  computations. 
It  is  equal  to  tbe  DC  plate  voUage  divided 
by  the  DC  plate  current  and  Is  given  the 
sign  Rp. 

DC  RESISTANCE  -  Opposition  ottered  by  a 
circuit  or  body  to  the  flow  of  direct  current. 

DEAD  SHORT  *  Short  circuit  having  mini- 
mum resistance. 
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DECIBEL  *  AdlmenslonlesBunltforexpreda- 
Ing  the  ratio  of  two  valueSf  the  number 
of  decltxls  being  10  times  the  logarithm  to 
the  base  10  of  a  power  ratio*  or  20  tlmea  the 
losarlthm  of  the  baae  10  of  a  voltage  or 
current  ratio.  The  abbreviation  db  la  com- 
monly used, 

DECIBELS  ABOVE  OR  BELOW  1  MILLI- 
WATT -  Unit  U5ed  to  describe  the  ratio  of 
the  power  at  any  point  In  a  transmlssionsys- 
tem  to  a  referenced  level  of  1  milliwatt. 
The  ratio  expresses  decibels  above  or  below 
ths  reference  level  of  1  milliwatt, 

DECOUPLING  -  Preventing  transfer  or  feed- 
back of  energy  from  one  circuit  to  another. 

DECOUPLma  CIRCUIT  -  Circuit  used  to  pre- 
vent interaction  of  one  circuit  with  another* 

DECOUPLING  NETWORK -(l)Networkwhlch 
Is  used  to  prevent  the  interaction  of  two 
circuits*  (2)  Networkof  capacitors  and  chokeSf 
or  resistors*  placed  in  leads  which  are  com- 
mon to  two  or  more  circuits  to  prevent 
unwanted  and  harmful  Interstage  coupling, 

DEENERGIZE  -  Stop  the  flow  of  current  In 
a  circuit,  or  remove  the  voltage  from  a  cir« 
cuit,  as  by  opening  a  switch. 


DEFLECTING  ELECTRODE  -  An  electrode, 
the  potential  of  which  provides  an  electric 
field  to  produce  deflection  of  an  electron 
beam* 

DEFLECTION  *  Movement  of  the  electron 
beam  in  a  cathode-ray  tube  created  by 
electromagnetic  or  electrostatic  field,  which 
are  varied  to  cause  the  light  spot  to  traverse 
the  face  of  the  tube  in  a  predetermined 
pattern* 

DEFLECTION  COIl^  -  Colls  placed  about 
the  yoke  of  a  cathode-ray  tube  to  cause 
the  displacement  of  the  electron  stream  by 
the  magnetic  field  produced  within  the  tube 
as  the  result  of  current  flowing  through  the 
colls* 


DEFLECTION  FACTOR  ^  Reciprocal  of  the 
deflection  senslUvlty  of  a  cathode-ray  tube* 
It  Is,  therefore*  the  amount  of  change  In 
the  deflecting  field  that  will  cause  unit  dis- 
placement of  the  electron  beam  at  the  screen. 
It  may  be  expressed  as  volts  per  inch  or 
deflecting  coU  current  per  inch* 

DEFLECTION  PLATES  -  Two  pairs  of 
parallel  electrodes,  the  pairs  setone forward 
of  the  other  and  at  right  angles  to  each  other, 
parallel  to  the  axis  of  the  electron  stream, 
within  an  electrostatic  cathode-ray  tube.  An 
applied  potential  produces  an  electric  field 
between  each  pair  which,  by  varying  the 
applied  potential,  may  be  varied  to  cause  a 
desired  angular  displacement  of  the  electron 
stream* 

DEFLECTION  SENSITIVITY  OF  CATHODE* 
RAY  TUBE  -  Quotient  of  the  dlsplaconent 
of  the  electron  beam  at  the  place  of  Impact 
to  the  change  In  the  deflecting  field*  Usually 
expressed  In  millimeters  per  volt  applied 
between  the  deflection  plates,  or  in  milli- 
meters per  gauss  of  the  deflecting  magnetic 
field* 

DEFLECTION  YOKE  -  Assembly  of  One  or 
more  electromagnets  to  produce  deflection 
of  One  or  more  electron  beams* 

DEGASSING  -  Process  of  driving  out  and 
exhausting  any  gases  that  are  occluded  in 
the  electrodes  and  other  parts  of  a  vacuum 
tube  and  that  ivould  not  be  removed  by  erac* 
uatlon  alone* 

DEGAUSSING  -  Demagnetizing 

DEGENERATION  -  Process  whereby  a  part 
of  the  output  power  of  an  amplifying  device 
Is  returned  to  Its  input  circuit  In  such  a 
manner  that  It  tends  to  cancel  the  Input* 

DELAYED  AUTOMATIC  VOLUME  CON- 
TROL Automatic  volume  control  circxilt  that 
acts  only  on  signals  above  a  certain  strength. 
It  thus  permits  reception  of  weak  signals 
even  though  they  may  be  fading,  whereas 
normal  automatic  volume  control  would  make 
the  weak  signals  weaker.  The  delayed  action 
is  obtained  by  Introducing  a  bias  voltage 
that  is  In  series  with,  and  In  opposition  to 
the  automatic  volume  control  voltage* 
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DELAYED  SWEEP  -  Swiep  of  ttw  electron 
b«am  of  a  cathode-ray  tube  In  wblch  th« 
btffliuilEitc  of  thj  «we«p  la  delayod  for  a 
tlm«  after  the  pulee  which  Initiates  the 
sweep. 

DELAY  LINE  -  Any  device  tor  producing  a 
time  delay  of  a  slgnalt 

DELTA  MATCHING  TRANSFORMER  -  An 
Impedance  device  uaed  to  match  the  Imped- 
ance of  an  open  wire  transmission  Une  to 
an  antenna.  The  two  ends  of  the  transmission 
lln«  are  fanned  out  so  that  the  Impedance  of 
tt^  Une  gradually  increases^  The  ends  of 
the  transmission  Une  are  attached  to  the 
antenna  at  points  of  equal  Impedance,  sym- 
metrically located  ^tb  respect  to  the  center 
of  the  antenna» 

DEMODULATION  DETECTION  -  (1)  A  pro- 
cess wherein  a  wave  resulting  from  previous 
modulation  ts  employed  to  derive  a  wave 
having  substantially  the  characteristics  of  the 
original  modulating  wave»  (2)  Process  of 
extracting  the  signal  Intelligence  ^m  a 
modulated  carrier  wave. 

DEMODULATOR  -  Device  which  operates 
on  a  carrier  wave  so  as  to  recover  the 
wave  ^tb  which  the  carrier  was  originally 
modulated. 

DEPLETION  LAYER  *  In  a  semiconductor, 
a  region  In,  which  the  mobile- carrier  charge 
density  ts  Insufficient  to  neutrallre  the  net 
*  fixed  charge  density  of  donors  andacceptors. 

DETECTION  -  Process  by  which  a  wave  cor- 
responding to  the  modulating  wave  is  ot>- 
talned  in  response  to  a  modulated  wave. 

DETECTOR  -  (1)  Rectifier  tube,  crystal, 
or  dry  disc  by  which  a  modulation  envelope 
on  a  carrier,  or  the  simple  on-off  tftate  of 
a  carrier,  may  be  made  to  drive  a  lower- 
frequency  device.  (2)  Stage  or  circuit  in  a 
radio  set  that  demodulates  the  RF  signal 
into  its  audio  or  video  components  (3)  Re- 
ceiver circuit  which  derives  the  desired 
sound  from  the  modulated  carrier  wave. 


DETENT  -  Stop  or  cheddng  device^  as  a 
pin  or  lever  on  a  ratchet  wheel  or  similar 
device. 

DETUNE  -  To  adjust  a  circuit  so  that  it 
is  not  resonant  to  an  applied  frequency^ 

DEVIATION  -  Term  used  In  frequency  modu- 
lation to  indicate  the  amount  by  which  the 
carrier  or  resting  frequency  increases  or 
decreases  when  modulated* 

DIAMAONETTC  -Magnetic  permeability  less 
than  One  and  hence  less  than  that  of  a 
vacuum.  Examples  are  bismuthandantlmony» 

DIELECTRIC  ^  Term  applied  to  the  insulating 
material  between  the  plates  of  ^  capacitor. 
Air,  paper,  mica,  and  oil  are  dielectrics. 

DIELECTRIC  CONStANT  -  Measure  of  that 
property  of  dielectric  material  that  deter- 
mines how  much  electrostatic  energy  can  be 
stored  per  unit  volume  when  voltage  ts 
applied^  etfect,  it  is  the  ratio  of  the 
capacitance  of  a  capacitor  with  a  given 
dielectric  to  that  of  the  same  capacitor 
having  a  vacuum  dielectric. 

DIELECTRIC  LOSS  -  Time  rate  at  which 
electric  energy  is  transformed  into  heat  In 
a  dielectric  when  it  is  subjected  to  a  changing 
electric  field. 

DIFFERENTIATING  CIRCXnT  -  Circuit  which 
produces  an  output  voltage  substantially  In 
proportion  to  the  rate  of  change  of  the 
input  voltage  or  current.  Differentiating  dr-^ 
cult  employs  time  constants  that  are  short 
compared  to  the  duration  of  the  pulse  applied, 
thus  dlfierentlatlng  the  input  pulse. 

DIFFUSE  -  In  all  directions,  not  In  any 
sharply  defined  path*  Applicable  to  reflec- 
tion, refiraction,  or  transmission  of  Ught 
and  other  waves» 

DIFFUSED  JUNCTION  -  In  a  semiconductor 
device,  a  Junction  which  has  been  formed 
by  the  dlftusion  of  an  Impurity  within  a 
semiconductor  crystal* 
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DIFFUSION  CAPACITAI^CE  -  Of  a  fleml* 
conductor  Junction,  the  rato  of  change  of 
stored  minority** carrier  charge  wlththevolt* 
age  acrosii  the  Junction. 

DIGITAL  COMPUTER  -  A  computer  In  which 
quantities  are  repreaehted  numerically  and 
which  can  be  used  toaoWe  complex  problems. 
Electronic  computers  use  either  a  decimal 
or  blnaiy  system  of  notations. 

DIGITAL  DATA  -  Information  expressed  In 
numerical  values  based  upon  some  particular 
base  numbering  system. 

DIODE  -  A  2-electro(le  active  device  con- 
taining an  anode  and  a  cathode. 

DIODE  CLIPPER  *  See  diode  llmlter. 

DIODE  DETECTOR  -  Diode  used  In  a  demodu- 
lation circuit. 

DIODE  LIMITER  -  Peak  limiting  circuit 
employing  a  diode  that  becomes  conductive 
when  signal  peaks  exceed  a  predetermined 
value. 

DIODE  MDCER  -  Diode  in  an  RF  line  which 
mixes  Incoming  radio  frequency  and  local 
oscillator  signals  to  produce  an  Intermediate 
frequency. 

DIODE  HECTIFICATION  -  Half-wave  recU- 
flcatlon  by  means  of  a  diode  which  depends 
on  the  fact  that  a  diode  passes  current  In 
one  direction  only. 

DIODE  SEMICONDUCTOR  -  A  2-electrode 
semiconductor  devicehavlng  an  asymmetrical 
voltage- current  characteristic. 

DIFOLE  AI^TENNA  -  Straight  radiator*  usu* 
ally  fed  at  the  center*  producing  a  maximum 
of  radiation  In  the  plane  normal  to  Its 
axis.  The  length  specified  Is  the  overall 
length.  NOTE:  Common  usage  In  microwave 
antennas  considers  a  dipole  to  be  a  metal 
radiating  structure  which  supports  a  line 
current  distribution  similar  to  that  of  a. 
thin^  straight  wire*  a  half  wavelength  long* 
so  energized  that  theJ»up«nt  has  two  nodsa^^ — ^ 
one  at  each  of  the  far  ends. 
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DIRECT  CURRENT  Unidirectional  current 
which  has  an  essenUaUy  constant  average 
value. 

DIRECTIONAL  ANTENNA  -  Antenna  which 
radiates  or  receives  radio  waves  more  ef^' 
fectlvely  in  some  directions  than  others. 
The  term  Is  usually  applied  to  antennas 
whose  directivity  is  larger  than  that  of  a 
half^'wave  dipole. 

DIRECTOR,  ANTENNA  *  A  parasitic  antenna 
element  of  a  directional  array  located  in 
the  general  direction  of  the  major  lobe  of 
radiation. 

DISCHARGE  *  (1)  Release  of  stored-up  elec* 
trlclty.  (2)  In  a  storage  t>attery*  the  con- 
version of  the  chemical  energy  of  the  battery 
Into  electric  energy. 

DISCHARGE  TUBE  Any  tube  containing 
gas  or  vapor  which  Is  capable  of  being 
discharged  by  Ionization. 

DISCHARGING  CURRENT  -  Current  obtained 
by  discharging  a  capacitor. 

DISCRIMINATOR  -  (1)  Device  in  which  amp- 
litude variations  are  derived  in  response  to 
frequency  or  phase  variations.  (2)  Fart  of  a 
receiver  circuit  which  removes  the  desired 
signal  from  an  Incoming  FM  carrier  wave 
by  changing  modulations  in  terms  of  fre- 
quency variations  Into  amplitude  variation. 
(3)  Circuit,  the  output  vdtage  of  which 
varies  as  a  detector  In  an  FM  receiver. 

DISTORTION  -  Undeslred  change  in  wave- 
form. 

DISTRIBUTED  CAPACITANCE  -  Capacttance 
that  exists  between  the  turns  in  a  coil  or 
choke,  or  between  adjacent  conductors  or 
circuits,  as  distinguished  from  the  capacit- 
ance which  iB  ccmcentrated  in  a  capacitor. 

DISTRE3UTED  INDUCTANCE  -  Inductance 
tti^  Exists  along  the  entire  length  of  a 
conductor^  as  distinguished  from  tbe  Induct- 
ance which  Is  concentrated  in  an  Inductor. 
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D«LAYEH  -  The  loweat  lonoflpherlc  layer. 
Ita  Intoruilty  la  proportional  to  tho  height 
of  the  tfun  and  1a  greatest  at  noon.  Wavee 
below  approximately  3  MHz  are  absorbed 
by  the  Delayer  when  It  10  present.  High 
angle  radiation  may  penetrate  the  Delayer 
and  be  reflected  by  the  E^layer. 

DONOR  -  An  impurity  added  to  a  crystal  dur-^ 
Ins  manufacture  to  create  ^  semiconductor. 
The  donor  transfers  an  electron  to  the 
conduction  band. 

DOPING  -  In  a  semiconductor  devlcet  a 
process  of  adding  impurities  to  achieve 
desired  characteristics. 

DOPPLER  EFFECT  -  (1)  Phenomenon  evi- 
denced by  the  change  In  the  observed  fre- 
quency of  a  wave  in  a  transmission  system 
caused  by  a  time  rate  of  change  in  the 
effective  length  of  the  path  of  travel  between 
the  source  and  the  point  of  observation. 
(2)  Change^  or  apparent  change^  in  a  wave* 
length  of  soundf  light*  or  other  radiation 
when  the  source  and  iha  observer  are  in 
motion  relative  to  one  another. 

DOPPLER  SHIFT  -  Magnltudet  In  hertz,  of 
the  change  in  the  observed  frequency  of  a 
wave  caused  by  the  Doppler  effect. 


DOUBLE-SIDEBAND  TRANSMISSION -Meth* 
od  of  communication  In  which  the  frequencies 
produced  by  the  process  of  modulation  are 
symmetrically  spaced  both  above  and  below 
the  carrier  frequency  and  are  all  transmitted. 

DOUBLE-SUPERHBYERODYNE  RECEP- 
TION «  Method  of  reception  in  which  two 
frequency  converters  are  employed  before 
final  detection. 

DOUBLE'TUNED  AMPUFIER  -  AmpUfler 
of  one  or  more  stages  in  which  each  stage 
utlUzes  coupled  circuits  having  two  tuned 
circuits. 


DRIVEN-ELEMENT  ANTENNA  -  Antenna 
array  element  that  receives  power  directly 
from  the  transmitter. 

DRIVER  -  (1)  Electronic  circuit  which  sup- 
plies Input  to  another  electronic  circuit. 
(2)  Stage  of  amplification  which  precedes 
the  power  output  stage. 

DROPOUT  VOLTAGE  OR  CURRENT  -  Of 
a  magnetically  operated  device*  the  voltage 
(or  current)  at  which  the  device  will  re- 
lease to  its  deenerglzed  posttlon. 

DROPPING  RESISTOR  -  Resistor  used  to 
decrease  a  given  voltage  to  a  io\.er  value. 


DOSIMETER  -  Instrument  used  to  measure 
the  radiation  absorbed  during  a  period  of 
time. 

DOUBLE  DIODE  -  Vacuum  tube  (or  semi- 
conductor) having  two  diodes  In  the  same 
envelope. 

DOUBLE-DIODE  LIMITER  -  Type  of  Umlter 
which  Is  used  to  remove  all  positive  signals 
from  a  combination  of  positive  and  negative 
pulses^  or  to  remove  all  the  negative  slg- 
anls  ftom  such  ^  combination  of  positive 
and  negative  pulses. 

DOUBLER  -  Electronic  circuit  in  which  the 
output  is  tuned  to  twice  the  frequency  of  the 
Input.   ' 


DRY  CELL  -  A  cell  In  which  the  electrolyte 
exists  In  the  form  of  a  jelly^  or  is  absorbed 
in  a  porous  medium^  or  Is  otherwise  re- 
strained from  flowing  ftom  Its  intended 
position.  Such  31  cell  is  completely  portable 
and  the  electrolyte  is  nonsplllable. 

DRY-ELECTROLYTIC  CAPACITOR  -  Elec- 
trolytic capacitor  in  which  the  electrolyte 
is  in  pastet  rather  than  Uquld  form. 

DUMMY  ANTENNA  -  A  device  which  has 
the  necessary  impedance  cbaracterlstlca  of 
an  antenna  and  the  necessary  power-handling 
capabilities^  but  which  does  not  radiate  or 
receive  radio  waves.  NOTE:  In  receiver 
practlcet  that  portion  of  the  impedance  not 
Included  in  the  signal  generator  is  often 
called  dummy  antenna. 
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DUTY  CYCLE  -  (1)  Cycle  ol  starting^  run* 
alng»  and  stopping  operations  that  a  motor 
or  other  equipment  of  intermittent  duty  per* 
forme,  (2)  Ratio  of  pulse  duration  time  to 
pulse  repetition  time^  which  is  the  same  as 
the  ratio  of  average  power  to  peak  power  in  a 
pulse, 

DYNAMIC  CHARACTERISTICS  -  Relation 
between  the  Instantaneous  plate  voltage  and 
plate  current  of  a  vacuum  tube  as  the  voltage 
applied  to  the  grid  ts  Increasedor  decreased, 

DYNAMIC  LOUDSPEAKER  -  Loudspeaker  In 
which  the  coil  carrying  the  AF  current  is 
attached  to  the  moving  diaphragm  or  core, 

DYNAMIC  PLATE  RESISTANCE  -  Opposition 
that  the  plate  circuit  of  a  vacuum  tube  offers 
to  a  small  Increment  of  plate  voltage.  It  is 
the  ratio  of  a  small  change  in  plate  voltage 
to  the  resulting  change  In  the  plate  ctirrent^ 
other  tube  voltages  remaining  constant.  Dy- 
namic plate  resistance  is  usually  designated 
by  rp  and  is  expressed  In  ohms. 

DYNAMO  -  Machine  for  converting  mechani- 
cal energy  into  electrical  energy  generally 
called  a  generator.  The  term  dynamo  more 
often  applies  to  a  DC  generator^  while  alter* 
nator  applies  to  an  AC  generator. 

DYNAMOTOR  -  Combination  electric  motor 
and  DC  generator  having  two  or  more  sep- 
arate armature  windings  and  a  common 
set  of  field  poles.  One  armature  winding 
receiving  direct  current  operates  as  a  motor 
producing  rotation^  while  the  others  operate 
as  a  dynamo  or  generator^  generating  volt* 
age.  More  simply  a  rotating  device  used  to 
change  on  DC  voltage  to  a  different  DC  voltage. 

DYNA7R0N  -  Four-electrode  vacuum  tube 
so  designed  that  secondary  emission  of  elec- 
trons from  the  plate  causes  the  plate  current 
to  decrease  as  plate  voltage  is  increased 
giving  a  negative  resistance  characteristic. 
Used  in  oscillator  circuits. 

DYNODE  -  One  of  the  reflecting  electron 
mirrors  in  a  multiplier-type  phototube.  It 
is  coated  with  a  material  capable  of  high 
second  emission. 


ECHO  -  Wave  which  has  been  reflected  or 
otherwise  returned  with  sufficient  magnitude 
and  delay  to  be  perceived*  in  some  man-" 
ner«  aa  a  wave  distinct  from  the  directly 
transmitted, 

EDDY  CURRENT  •  Currents  Induced  in  the 
body  of  a  conducting  mass  by  a  variation 
of  magnetic  flux, 

EFFECTIVE  VALUE  -  Alternating-current 
value  that  will  produce  the  same  amount  of 
heat  in  a  resistance  as  the  corresponding 
direct- current  value.  The  effective  value  is 
also  called  the  EMS  (root  mean  square) 
value.  It  is  0.707  times  the  peak  value  for 
a  sine  wave. 

EFFICIENCY  *  Total  output  power  divided 
by  total  input  power. 

E^^LAYER  *  One  of  the  regular  ionospheric 
layers  with  an  average  height  of  about  100 
kilometers.  This  layer  occurs  during  day^ 
light  hours  and  its  ionization  is  dependent 
on  the  sun's  angle.  The  principal  layer  cor-^ 
responds  roughly  to  what  was  formerly  called 
the  Kennelly*Heavlside  layer.  In  addition^ 
areas  of  abnormally  intense  Ionization  fre- 
quently occur  which  are  called  ''sporadic  E/' 

ELECTRICAL  CHARGE  -  Symbol  Q»  q.  The 
quantity  of  electricity  on  (or  in)  a  body  is 
the  excess  of  one  kind  of  electricity  over 
the  other  kind.  A  plus  sign  indicates  that 
the  positive  electricity  is  in  excess*  a  minus 
sign  indicates  that  the  negative  electricity 
is  in  excess. 

ELECTRICAL  LENGTH  -  Length  expressed 
in  wavelengths,  or  angular  units.  When  ex- 
pressed in  angular  units*  it  is  the  distance 
In  wavelengths  multiplied  by  27r  to  give 
radians  or  by  360""  to  give  degrees. 

ELECTRIC  ANGLE  ^  Means  of  specifying  a 
particular  instant  in  an  AC  cycle.  One  cycle 
is  considered  equal  to  360** »  hence  a  half 
cycle  is  ISC'  and  a  quarter  cycle  is  90*.  If 
one  voltage  reaches  a  peak  value  a  quarter 
of  a  cycle  after  another*  the  electrical 
angle  between  the  voltages  (the  phase  differ- 
ence) is  90''. 
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ELECTRIC  BREAKDOWN  *  Electric  dla* 
charge  taking  place  through  an  inaulatlng 
material. 

ELECTRIC  FIELD  -  (1)  Region  around  an 
electrically-charged  body  wherein  Unes  of 
electric  stress  exist.  (2)  Space  In  vrhlchan 
electric  charge  ivlU  experience  a  force 
exerted  tq;>on  It. 


ELECTRICITY  -  Property  of  certain  par- 
ticles to  possess  a  force  field  which  is 
neither  gravitational  nor  nuclear.  The  type 
of  field  force  associated  with  electrons  Is 
defined  as  negative  and  that  associated  with 
protons  and  positrons  aa  poaltlTe.  The  funda- 
mental unit  Is  the  charge  ot  an  electron: 
1.60203  X  10*10  coulomb.  Electricity  can  be 
further  classified  as  static  electricity  or 
dynamic  electricity.  Static  electricity  in  its 
atrlctlst  sense  refers  to  charges  at  rest 
as  opposed  to  dynamic  electricity,  or  charges 
in  motion. 

ELECTRODE  (1)  Terminal  at  which  elec- 
tricity passes  from  one  medium  Into  another. 
(2)  Of  a  semiconductor  device,  an  element 
that  performs  one  or  more  ot  the  ftmctiona 
of  emitting  or  collecting  electrons  or  boles, 
or  of  controlling  their  movements  by  an 
electric  field.  (3)  In  a  vacuum  tube,  the  con- 
ducting element  that  performs  one  or  more 
of  the  fUnctii^  of  emitting,  collecting,  or 
controlling  electrons. 


ELECTRODE  VOLTAGE  OR  POTENTIAL  - 
Voltage  between  an  electrode  and  the  cathode. 

ELECTROLYTE  -  Any  substance  whose  solu- 
tions have  the  property  ot  conducting  electric 
current. 

ELFCTROLYTIC  CAPACITOR  -  Capacitor 
which  Is  comprised  of  two  plates  separated 
by  electrolyte.  Under  the  action  of  the  applied 
DC  voltage,  a  film  of  hydrogen  gas  is  formed 
on  one  plate,  and  it  Is  this  film  which  acts 
as  the  dielectric.  This  type  of  construction 
makes  it  possible  to  concentrate  Urge  values 
of  capacitance  in  a  relatively  small  space. 


ELECTROMAONET  *  An  electrically  excited 
magnet  capable  of  exerting  mechanlcalforce, 
or  of  performing  mechanical  work. 

ELECTROMAGNETIC  COUPUNO  *  Coupling 
that  exists  between  circuits  when  they  are 
mutually  affected  by  the  same  electromag- 
netic field. 

ELECTROMAGNETIC  DEFLECTION  *  Beam 
control  of  the  electron  beam  in  a  cathode- 
ray  tube  by  magnetic  circuit.  Pairs  of  colls 
are  mounted  on  the  nedc  of  the  tube  outside 
of  the  glass  envelope  and  excited  by  volt- 
ages applied  in  such  a  manner  that  a  saw- 
tooth wave  of  current  flows  through  the  colls. 
The  varying  magnetic  field  denectathebeam. 

ELECTROMAGNETIC  ENERGY  -  Forms  of 
radiant  energy,  such  as  radio  waves,  beat 
waves,  Ught  waves.  X-rays,  gammaray8,and 
cosmic  rays. 

ELECTROMAGNETIC  FIELD  ^  (1)  Field  of 
influence  which  an  electric  current  produces 
around  the  conductor  through  which  it  flows. 

(2)  Rapidly  moving  electric  field  and  its 
associated  magnetic  field  located  at  right 
angles  to  both  electric  Unes  of  force  and  to 
their  direction  of  motion.  (3)  Blagnetlc  field 
resulting  from  the  flow  of  electrons. 

ELECTROMAGNETIC  FOCUSING  "  The  use 
of  magnetic  colls  in  a  CRT  to  direct  a 
magnetic  or  magnetostatlc  focusing  field  on 
the  electron  beam. 

ELECTROMAGNETIC  INDUCTION-  Produc- 
tion of  a  voltage  in  a  coll  due  to  a  change 
in  the  number  of  magnetic  Unes  of  force 
(flux  Uhkages)  passing  through  the  coU. 

ELECTROMAGNETIC  RADIATION  -  Emis- 
sion of  energy  in  the  form  of  electromagnetic 
waves.  The  term  is  also  used  to  describe 
the  radiated  energy. 

ELECTROMAGNETIC  WAVE  -  (1)  Trans- 
verse wave  associated  with  the  transmission 
of  electromagnetic  energy.  (2)  Wave  pro* 
ducedby  the  oscillation  of  anelectrlccbarge.' 

(3)  Wave  in  which  there  are  both  electric 
and  magnetic  displacements.  (4)  Electro- 
magnetic waves  are  known  as  radio  vaves, 
heat  rays,  light  rays.  X-rays,  etc.,  depend- 
ing on  the  frequency. 
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ELECTBOMOTIVE  FORCS  -  Property  vUeh 
tendfl  to  alter  the  motion  of  electricity  or 
to  maintain  Hb  motion  against  reftlstance* 
Difference  of  electrical  potential  or  prei- 
aure,  measured  In  volts* 

ELECTRON  -  Elementary  negative  charge 
that  revolves  around  the  nucleus  of  an  atom* 

ELECTRON-COUPLED  OSCILLATOR  -  An 
oscillator  employing  a  multlgrid  tube  in 
vhich  the  cathode  and  two  grids  operate  in 
a  conventional  manner  as  an  oscillator 
and  in  which  the  plate  circuit  load  is  covrpled 
to  the  oscillator  through  the  electron  stream* 

ELECTRON  DRIFT  -  Actual  movement  of 
electrons  In  a  definite  direction  through  a 
conductor  during  current  flov,  as  contrasted 
with  transfer  of  energy  from  one  electron 
to  another  by  collision* 

ELECTRON  £MISSION|-  Liberation  Of  elec- 
trons from  the  surface  of  a  body  Into  space 
under  the  Influence  of  heat,  light,  im- 
pact, chemical  disintegration,  or  a  potential 
difference* 

ELECTRON  GUN  *  An  electrode  structure 
which  produces  and  may  control  tocxis,  de- 
flect, and  converge  one  or  more  electron 
beams* 

ELTCTRON  EPFIOENCY  -  The  ratio  of  the 
power  at  the  desired  frequency,  delivered 
by  the  electron  stream  to  the  circuit  In 
an  oscillator  or  amplifier,  to  the  average 
power  supplied  to  the  stream* 

ELECTRONICS  -  Branch  of  science  which 
deals  with  the  motion,  conversion,  and  be- 
havior of  electrons* 

ELECTRON  TUBE  -  An  electronic  device 
in  which  conduction  takes  place  by  electrons 
moving  through  a  vacuum  or  gaseous  medium 
with  a  gas-tight  envelope* 

ELECTROSTATIC  -  Pertaining  to  electricity 
at  rest,  such  as  charges  on  an  object  (static 
electricity)* 
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ELECTROSTATIC  CHARGE -Electric  charge 
stored  In  a  capacitor  or  on  the  surface  of 
an  Insulated  object* 

ELECTROSTATIC  DEFLECTION-Deflectlng 
an  electron  beam  by  applying  a  voltage  be- 
tween plates  mounted  Inside  a  cathode-ray 
tube* 

ELECTROSTATIC  FIELD  -  Field  of  force 
(Influence)  between  two  electrically  charged 
tKKlles* 

ELECTROSTATIC  FOCUS  -  ProducUon  of  a 
focused  electron  beam  in  a  cathode-ray 
tube  by  the  application  of  an  electric  field* 

ELECTROSTATIC  SHIELD  -  Shield  used  to 
prevent  electrostatic  coupling  between  cir- 
cuits l)ut  wfatcb  permits  electromagnetic 
coupling* 

ELEMENT  -  (1)  SUt>stance,  in  chemistry, 
that  cannot  be  divided  into  slinpler  B\ib- 
stances  by  any  means  ordinarily  available* 
(2)  Radiator,  active  or  parasitic,  that  helps 
make  up  an  antenna*  (3)  Element  or  finished 
element  is  sometimes  applied  as  a  synonym 
of  oscillator  plate*  (4)  Of  a  semiconductor 
device,  any  integral  part  of  the  semiconductor 
device  that  contributes  to  its  operation* 

EMISSION  -  (1)  Radio  waves  radiated  into 
space  by  a  radio  transmitter*  (2)  Process 
of  ejecting  electrons  ftom  the  surface  of 
a  material  under  the  Influence  of  beat»  radia- 
tion, or  other  causes* 

EMITTER  -  Of  a  transistor,  a  region  from 
which  charge  carriers  that  are  minority 
carriers  in  the  base  are  Injected  into  the 
base* 

EBOTTER  JUNC^nON  -  Of  a  transistor,  a 
Junction  normallyblased  in  the  low-resistance 
direction  to  inject  minority  carriers  into 
,   a  base* 

ENABLING  PULSE  -  A  pulse  which  prepares 
a  circuit  tor  some  subsequent  action* 
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END- FIRE  ARRAY  -  A  driven  aAtatuu  array 
In  which  th«  #l«mtnt«  arc  parollil  and  In 
Uw  lama  plaM,  Th«  al«m«iti  are  melted 
eo  that  the  curranta  are  out  of  pbaaei  Mud- 
mum  radiation  occuri  alonc  the  plane  of  the 
elemente. 

ENEROIZE  -  Supply  power  neceieary  topro^ 
vide  normal  and  ettectlve  operation  (such 
as  with  transmitters,  receivers,  relays,  and 
other  equipment). 

ENERGY  GAP  -  Of  a  semiconductor,  the 
enercy  range  between  the  bottom  of  the 
conduction  band  and  the  top  of  the  valence 
band. 

ENVELOPE  -  (1)  Glass  or  metal  housing 
of  a  vacuum  tube.  (2)  Curve  drawn  to  pass 
through  the  pealcs  of  a  griqph  showing  the 
waveform  of  a  modulated  radio-frequency 
carrier  signal. 

EQUIVALENT  dRCUTT  -  An  electrical  clr^ 
cult»  usually  drawn,  which  Is  electrically 
eqtdTalent  to  another  electrical  circuit  or 
mechanical  device.  The  equivalent  circuit 
Is  used  for  analysis  of  complex  circuits. 
In  transistor  design  and  study,  the  equivalent 
circuit  makes  It  possible  to  easily  analyze 
transistor  action. 

ERROR  SIGNAL  ^  Signal,  In  an  automatic 
control  device,  whose  magnitude  and  sign 
are  used  to  correct  the  alignment  between 
the  controlling  and  the  controlled  elements. 

E-WAVE  -  Designation  of  transverse  mag- 
netic waves*  One  ofthetwoclassesofelectro* 
magnetic  waves  that  can  be  sent  through 
waveguides. 

EXCESS  ELECTRON  -  An  electron  intro- 
duced Into  a  semiconductor  by  a  donor 
Impurity  and  available  topromote  conduction. 
An  excess  electron  is  not  required  to  com- 
plete the  bond  structure  of  the  semiconductor. 

EXCITATION  -  (1)  Electrical  energy  whlch^ 
when  applied  to  a  device*  causes  that  device 
to  produce  an  effect.  (2)  In  electric  or 
electromagnetic  equipment^  supplying  with 
potential,  a  charge,  or  a  magnetic  field. 
(3)  The  addition  of  energy  to  a  system  so 
as  to  transfer  It  from  Its  ground  state  to  an 
excited  state. 


EXCITBR  -  (1)  Part  of  a  directional  trans- 
mitting antenna  system  which  \%  directly 
connected  to  the  source  of  power,  as  to  the 
transmitter*  (S)  Crystal  oscillator  or  seU- 
exdted  oscillator  that  generates  the  carrier 
frequency  of  a  transmitter.  (3)  Small  auxi- 
liary generator  that  provides  field  currents 
for  generator. 

EXCLUSIVE  OR  CIRCUIT  -  Circuit  that 
produces  an  output  signal  when  any  one, 
but  not  more  than  one,  input  is  In  its  pre- 
scribed state. 

EXPONENTIAL  «  Pertaining  to  exponents  or 
to  an  expression  having  exponents.  A  quantity 
varying  in  an  exponential  manner  is  increas- 
ing according  to  the  square,  or  some  other  < 
powert  of  a  factor  Instead  of  linearly. 

EXTERNAL  RESISTANCE  -  Resistance  that 
Is  connected  externally  between  the  terminals 
of  a  battery  or  generator. 

EXTINCTION  POTENTIAL  -  Lowest  value 
to  which  the  plate  voltage  of  a  gaseous  tube 
can  be  reduced  firom  a  higher  value  under 
given  conditions  without  stopping  the  flow  of 
plate  current. 

FACTOR  -  ElementSt  quantities,  or  symbols 
which,  when  multiplied  togethert  form  a 
product. 

FARAD  -  Basic  unit  of  capacitance.  A  capac- 
itor has  a  capacitance  of  1  farad  when  a 
voltage  change  of  1  volt  per  second  across 
It  produces  a  current  of  1  ampere. 

FARADAY  SHIELD  -  Network  of  parallel 
wires  connected  to  a  common  conductor  at 
one  end  to  provide  electrostatic  shielding 
without  affecUng  electromagnetic  waves.  The 
common  conductor  is  usually  grounded. 

FEEDBACK  -  Method  of  regeneration  or 
degeneration  involving  a  coupling  where  a 
signal  is  fed  from  a  high  level  point  In  an 
amplifier  to  a  lower  level  point  In  tte  same 
or  a  previous  stage  In  such  a  manner  as 
either  to  increase  or  todecreasethe apparent 
gain  of  the  amplifier. 
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FERROMAGNETIC  MATERIAL- Highly  mag- 
netic material,  auch  afl  Iron,  cobalt,  nickel, 
or  alloya,  make  up  theae  materials. 

FERROMAONETISM  •  Magnetlam  exhibited 
by  ferrltea  and  almllar  subatancea  wherein 
neighboring  lona  In  thepreaenceofamagnetlc 
field  align  themseWea  antlparallel.  since 
the  magnetic  momenta  of  neighboring  lona 
may  be  different  In  magnitude,  the  etfectlYe 
magnetization  can  be  quite  large* 


FIDELITY  ^  Synonym  for  lack  of  waYeform 
distortion,  Uaed  to  denote  the  accuracy  with 
which  a  waveform  la  duplicated  after  having 
passed  through  a  transmission  system  or 
portion  thereof,  fidelity,  howerer,  as  the 
word  la  commonly  used,  is  not  affected  by 
waveform  impairment  due  to  the  introduction 
of  interference, 

FIELD  CdL  A  suitable  insulsted  winding 
to  be  mounted  on  a  field  pole  to  magnetize  It. 

FIELD  DENSITY  In  a  particular  cross- 
sectional  area  of  a  magnetic  or  electric  field, 
the  number  of  magnetic  or  electric  lines  of 
force  or  the  magnetic  or  electric  flux  passing 
through  It. 

FIELD  EFFECT  TETRODE  -  Faur*termlnal 
device  consiatlng  of  two  Independently  ter- 
minated semiconducting  channels  so  displaced 
that  the  conductance  of  each  ia  modulated 
along  Its  length  by  the  voltage  condlttona  In 
the  other. 

FIELD  EFFECT  TRANSISTOR  -  Translator 
that  uses  charge  carriers  of  only  one  polarity. 
The  Input  signal  modulates  a  transverse 
electric  field  to  vary  the  effective  croas-^ 
aectional  area  of  the  semiconductor,  therel>y 
varying  the  resistance  that  controls  output 
current. 

FIELD  EFFECT  VARISTOR  -  Passive  2- 
termlnal  nonlinear  semiconductor  device  that 
maintains  constant currentoverawidevoUage 
range. 
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FIELD  EMISSION  *  The  emiaalbn  of  elec* 
trons  from  unheated  surfaces,  produced  by 
sufficiently  atrong  electric  fielda. 

FIELD  INTENSITY  •  Electric  or  magnetic 
field  intensity  at  a  given  location  aasoclated 
with  the  passage  of  radio  waves.  It  ia  com- 
monly expressed  in  terma  of  electric  field 
intensity.  In  microvolts,  mllllvolta,  or  voltF 
per  meter.  In  the  case  of  a  sinusoidal  wnve, 
the  root-mean- square  value  ia  commonly 
stated,  Unleaa  otherwlae  stated  It  ia  taken 
in  the  direction  of  maximum  field  Intensity. 

FIELD  OF  FORCE  "  Term  used  to  describe 
the  tgtal  force  exerted  by  an  actlon-at-a- 
dLstance  phenomenon  such  as  gravity  upon 
matter,  electric  charges  acting  upon  electric 
charges,  magnetic  forces  acting  upon  other 
magneta  or  magnetic  materlala. 

FILAMENT  -  A  cathode  of  a  thermionic 
tube,  usually  in  the  form  of  a  wire  or 
ribbon,  to  which  heat  may  be  supplied  t>y 
passing  current  through  it. 

FILTER  *  Network  of  resistors.  Inductors, 
and  capacitors,  or  any  one  or  two  of  these, 
which  offers  comparatively  little  opposition 
to  Certain  frequencies  or  to  direct  cur** 
rent,  while  l>locklng  the  passage  of  other 
frequencies. 

FIRING  -  Ot  any  gas  or  vapor  filled  tube. 
It  ia  the  process  of  gas  ionization  and  the 
start  of  current  flow. 

FIRST  DETECTOR  -  Circuit  in  a  super*^ 
heterodyne  receiver  in  which  the  signal 
being  received  and  the  local-oscillator  sig- 
nal are  combined  to  produce  the  IF  signal. 

FIXED  BIAS  -  Bias  voltage  of  constant  value. 

FIXED  CAPACITOR  •  Capacitor  having  a 
definite  capacitance  value  that  cannot  be 
adjusted. 

FIXED  RESISTOR  -  Realatorbavingadellnite 
resistance  value  that  cannot  be  adjusted. 

FLASHBACK  VOLTAGE  -  The  inverse  peak 
voltage  at  which  ionization  takes  Place  in  a 
gas  tube. 
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FLIP- FLOP  *  (1)  Ctavlco  hxvtiSig  two  atabto 
tttate«  and  tm  Input  termlnali  (or  typeg  of 
Input  fllpuU)  of  ivlileh  correaponda 
with  one  of  the  tm  atatea.  Tha  circuit 
remains  In  either  state  until  caused  to  change 
to  the  other  state  by  application  of  the 
corresponding  signal.  (3)  A  similar  bistable 
derlce  vlth  an  Input  which  allows  it  to  act 
as  a  single-stage  binary  counter. 

FLOATINQ  OIUD  ^  Vacuum-tidM  grid  that  is 
not  connected  to  any  circuit.  It  assumes  a 
oegatlTe  potential  with  respect  to  the  cathode. 

FLOW  -  Passage  of  electrons  (a  current) 
through  a  conductor  or  through  space  be- 
tween electrodes. 

FLUORESCENT  SCREEN  -  Coating  of  flu-^ 
orescent  material  on  the  Inner  face  of  a 
cathode-ray  tube. 

FLUX  -  (1)  Blaterlal  used  to  promote  fusion 
or  Joining  of  metal  In  soldering,  welding, 
or  smelting.  Rosin  is  widely  used  as  a  flux 
In  electric  soldering.  (2)  In  electrical  or 
electromagnetic  deTlces,  general  term  used 
to  designate  coUeetlTely  all  the  electric  or 
magnetic  lines  of  force  In  a  region. 

FLUX  DENSITY  -  NUniber  of  magnetic  lines 
of  force  passing  through  a  given  area. 

FLYBACK  -  (1)  The  shorter  of  the  two 
time  intervals  comprising  a  sawtooth  wave. 
(2)  As  applied  to  a  cathode-ray  tube,  the 
return  of  the  spot  to  Its  starting  point 
after  having  reached  the  end  of  its  trace. 
This  portion  of  the  wave  is  usually  not  seen 
because  of  blanking  circuits. 

FLYWHEEL  EFFECT  -  The  aUUty  of  a 
resonant  circuit  to  operate  continuously  (be- 
cause of  energy  storage)  ftom  short,  con- 
stant phase  and  frequency  pulses. 

FOCUS  *  To  make  appropriate  electrical 
adlustments  in  order  to  give  a  sharp  image 
of  sweep  line  or  signals  on  the  flee  of  a 
cathode- ray  tube. 


FOCUSmO  ANODE  -  One  of  the  electrodes 
in  a  catbode-ray  ttdMp  the  potential  of  which 
may  be  varied  to  focus  the  electron  beam. 
Varying  the  potential  changes  the  electrlo 
field,  and  thereby  ^alters  the  path  of  the 
electrons  to  change  the  spot  size. 

FOCUSING  ELECTRODE  *Electrodetowhlch 
a  potential  Is  applied  to  control  the  cross- 
sectional  area  of  the  electron  beam  In  a 
cathode- ray  tube. 

FOLDED  DIPOLE  ANTENNA  -  An  antenna 
composed  of  two  parallel,  closely  spaced 
dlpole  antennast  connected  together  at  their 
ends  with  one  of  the  dlpole  antennas  fed  at 
Its  center. 

FORWABD  BIAS  ^  Bias  applied  to  a  semi- 
conductor Junction  with  polarity  so  that 
relatively  high  current  flows  through  the 
Junction. 

FORWARD  CURRENT  -  Current  which  flows 
upon  application  of  forward  voltage. 

FORWARD  DIRECTION  -  Of  a  semiconductor 
diode,  the  direction  of  lower  resistance  to 
the  flow  of  steady  direct  current. 

FREE  ELECTRONS  -  Electrons  which  are 
not  bound  to  a  particular  atom*  and  are  tree 
to  move  under  the  influence  of  an  electric 
field. 

FREE-RUNNING  MULTIVIBRATOR  -  Multi- 
vibrator 80  arranged  that  it  does  not  need 
a  trigger  pulse  to  start  operation. 

FREE^RUliNING  SWEEP  '  Sweep  triggered 
continously  by  an  Internal  trigger  generator. 

FREE  SPACE  ^  Empty  space  with  no  free 
electrons  or  ions  present.  It  lias  i^rcad-* 
mately  the  electrical  constants  of  air. 

FREQUENCY  -  (1)  Of  a  periodic  quantity 
In  which  time  is  the  Independent  variable, 
the  number  of  periods  occurring  In  unit 
time.  (2)  Number  of  complete  cycles  existing 
in  the  form  of  a  wave  motion^  such  as 
alternating  current  or  sound  waves,  per 
unit  of  time.  When  the  time  unit  is  1  second, 
frequency  is  eaqpreased  In  hertz. 
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FREQUENCY  BAND  «  Contlnuotui  rftflce  of 
frequ«ncle«i  extending  between  two  limiting 
frequenclee. 

FHEQUENCY  discriminator  «  A  deTloe 
In  nrhleh  amplitude  variatlone  are  derived 
in  responee  to  frequency  variatlone.  If  the 
derlce  responds  to  varlatlona  in  phajiei  It 
le  known  a«  a  pbaee  dlaerlmlnator. 

FREQUENCY  DISTORTION  -  (1)  Distortion 
which  occurs  as  a  result  of  failure  to  amplify 
or  attenuate  eqiually  all  frequencies  present 
in  a  complex  wave.  (2)  Impairment  of  fidelity 
Introduced  by  a  transducer  a  result  of 
the  unequal  transfer  of  frequencies  (e.K<t 
unequal  amplification  of  ftequencles  within 
the  passband  of  an  amplifier). 

FREQUENCY  DOUBLER  -  A  deTlce  whose 
output  circuitry  is  resonant  to  the  second 
harmonic  of  the  Input  signal  making  the 
output  ftequ^ncy  double  that  of  the  hiput. 

FREQUENCY  MODULATION  -  (1)  The  term 
''frequency  modulation''  means  a  system  of 
modulation  where  the  instantaneous  ampli- 
tude of  the  modulating  signal  and  the  Instan- 
taneous radio  f^quency  Is  Independent  of 
the  frequency  of  the  modulating  signal. 
(2)  Angle  modulation  In  which  the  instan- 
taneous frequency  of  a  sine  wave  carrier  Is 
caused  to  depart  from  the  carrier  frequency 
by  an  amountproportlonaltothe Instantaneous 
value  of  the  modulating  wave.  NOTE:  Com- 
bination of  phase  and  frequency  modulation 
is  commonly  ref e  rre  d  to  as  frequency 
modulatLoa. 

FREQUENCY  MULTIPLIER  -  (1)  Device  tor 
delivering  an  output  wave  whose  frequency  is 
a  multiple  of  the  input  frequency.  Frequency 
doublers  and  trlplers  are  special  cases  of 
frequency  multipliers.  (2)  An  amplifier  clr-* 
cult  which  amplifies  a  harmonic.  Its  output 
frequency  is  some  multiple  of  the  original 
frequency. 

FREQUENCY  FULUNG  -  Frequency  pulling 
of  an  oscillator  is  the  change  of  the  gen- 
erated frequency  caused  by  a  change  of  load 
impedance. 
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FREQUENCY  RANGE  «  Of  a  device,  the  fre« 
qUency  band  over  which  the  device  Is  designed 
to  operate. 

FREQUENCY  RESPONSE  -  Measureof  etfec* 
tlveness  vrlth  which  a  circuit  or  device 
transmits  the  different  frequencies  applied 
to  it. 

FREQUENCY  SHIFT  KEYING  -  That  form 
of  frequency  modulation  in  which  the  modu- 
lating wave  ehlfta  the  output  frequency  be- 
tween predetermined  valuee^  and  the  output 
wave  hae  no  phase  diecontliiulty. 

FREQUENCY  TRIFLER  -  An  amplifier,  the 
output  circuit  of  which  is  resonant  to  the 
third  harmonic  of  the  input  signal.  The  output 
frequency  is  three  times  that  of  the  input. 

FRONT-TO-BACK  RATIO  -  (D  Ratio  Of  the 
resistance  of  a  crystal  to  current  flowing 
the  normal  direction  to  tlie  resistance  to 
current  flowing  in  the  opposite  direction.  A 
term  used  in  connection  with  checking  crystals 
used  as  mixers  in  microwave  receivers. 
(2)  Power  ratio  of  a  directional  antenna  be- 
tween the  front  and  rear  ratio.  (3)  Ratio  of 
signal  strength  transmitted  in  a  forward 
direction  to  that  transmltUKl  in  a  batkward 
direction.  For  receiving  antennas,  refers  to 
the  ratio  of  received  signal  strength  when 
the  signal  source  is  in  the  ftont  of  the 
antenna  to  the  received  signal  strength  when 
the  antenna  is  rotated  180**. 

FULL-WAVE  RECTIFIER  -  Rectifier  ar- 
ranged so  that  current  is  allowed  to  pass 
in  the  same  direction  to  the  load  circuit 
during  each  half  cycle  of  the  alternating 
current  supply. 

FUXCDAMENTAL  FREQUENCY  -  Of  a  perio- 
odic  quantity^  the  frequency  of  a  sinusoidal 
quantity  which  has  the  same  period  as  the 
periodic  quantity. 

FUSE  -  Protective  device^  used  in  an  electric 
circuity  containing  a  wire»  bar^  or  strip  of 
fulsible  ^etal.  When  the  current  increases 
beyond  the  rated  strength  of  the  fuset  the 
metal  melts  and  the  circuit  is  broken. 
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FV8CD  JUNCTION  «  In  a  Mmleonduotorp 
a  Junfltton  fornud  b/  a  rteryitiUizAtlon  on 
a  bftM  etyittl  ttom  a  liquid  phui  of  om 
or  mor*  eotnpOMOta  andtlM  Mmleonduoton 

QAIN  -  Ratio  of  output  to  Input  TOltagVp 
eumnt  or  pow»r  utually  expreiMd  In 
dacilMlt*  Qaln  and  tranimlHion  gain  are 
general  temui  uied  to  denote  an  inereaee 
in  elgnal  power  in  tranemlfliion  from  one 
point  to  anotben  Gain  la  unially  expreaeed 
in  decibela  and  is  vldely  uaed  to  denote 
transducer  gain. 

QAlN  CONTROL  -  Control  connected  ao  that 
it  can  change  the  overall  galnof  ananq)lUler* 

GALVANOMETER  -  An  Inatrument  for  Indl-* 
eating  or  meaeurlog  a  email  electric  cur* 
rent,  or  a  function  of  the  current,  ty  means 
of  a  mechanical  motlonderlvedfrom electro- 
magnetic or  electrof^ynamlc  forces  which  are 
set  up  as  a  result  of  the  current 

GAMMA  -  Forward  current  transfer  ratio 
for  a  common  collector  configuration. 

GANG  -  Couple  mechanically  two  or  more 
varlaUe  components  (capacitors,  switches, 
and  potentiometers)  to  facilitate  operaUon 
from  a  single  centred  knotn 

GAS  CURRENT  *  Current  flowing  to  an 
electrode  and  eoniposed  of  positive  ions 
which  have  been  produced  as  a  result  of 
gas  ionization  ty  an  electron  current  flow- 
ing between  other  electrodes, 

GASSINESS  -  The  presence  of  unwanted  gas 
in  a  vacinim  tube,  usually  In  relatively  small 
amounts,  catised  ty  the  leakage  from  out* 
side  or  eToltitlon  from  the  inside  walls  or 
elements  of  the  tube. 

GAS  TUBE  *  An  electron  tube  In  which  the 
contained  gas  or  vapor  performs  the  primary 
role  In  the  operation  of  the  tube* 

GATE  -  (])  Circuit  in  which  a  signal  (gen- 
erally a  square  wave  )sv/itches  another  signal 
on  or  oft*  (2)  Circuit  having  an  output  aiul 
one  or  more  inputs  so  designed  that  tl»  out- 
put is  energized  when  and  only  when  certain 
input  cokUtlons  are  met*  (3)  One  of  the 
electrodes  In  a  field  effect  transistor.  (4)  To 
control  the  passage  of  pulse  or  sl^uL 


GAUSS  '  The  electromagnetic  unit  of  mag^ 
netlo  induction.  One  gauss  represents  one 
line  of  flux  per  square  centimeter* 

GENERATOR  -  (l)  Rotating  maddne  which 
converts  mechanleal  energy  into  electrical 
energy*  <3)  Radio  device  which  develops  an 
AC  vdltage  at  a  desired  frequency  and  of  a 
desired  shape  when  energlzedwlthDC power* 
(3)  Aflor  device  which  generates  electricity* 

QEBMANXUM  diode  -  Rectifier  or  detector 
using  metallic  germanium  crystal* 

GETTER  -  Alkali  metal  Introduced  Into  a 
vacuum  tube  during  manufacture  and  fired 
after  the  tube  has  been  evacuated  to  react 
chemically  with  any  gases  which  may  have 
been  left  In  manufacturer*  The  silvery  deposit 
on  the  inside  of  the  glass  envelope  of  a  tube, 
usually  near  the  tube  base,  is  the  result  of 
getter  tiring* 

GIGA  -  A  prefix  Indicating  that  the  unit  is 
raised  to  the  ninth  power  of  10*  Thus  1  giga- 
hertz is  I  tiUlion  bertz. 

GILBERT  -  Unit  of  magnetomotive  force  In 
the  centimeter-gram-second  electromagne- 
tic system*  The  value  of  the  magnetomotive 
force  in  gilberts  In  aiiy  magnetic  circuit 
Is  equal  to  the  Une  Integral  around  the  cir- 
cuit of  the  magnetic  intensity  when  the 
magnetic  Intensity  Is  e3q)ressed  In  oersteds 
with  length  being  in  centimeters*  One  gilbert 
is  equivalent  to  0*7956  ampere  turns* 

GLOW-DISCHARGE  VOLTAGE  REGU- 
LATOR -  Gas  tube  that  varies  in  resistance, 
depending  on  the  value  of  the  applledvdltage. 
It  is  used  for  vdltage  regulation. 

GLOW  LAMP  -  One  In  which  light  Is  pro- 
duced ty  a  glow  discharge  between  two 
electrodes  In  an  evacuated  envelope  into 
which  a  small  quantity  of  gas  or  vapor  has 
been  introduced.  It  does  not  provide  rectifi- 
cation. Neon  gives  a  reddish-orange  glow^ 
mercury  vapor  gives  a  blue  glow^  and  argon 
gives  a  purine  glow* 

GRAPH  -  Pictorial  presentation  of  the  rela- 
tion between  two  or  more  variable  quantities^ 
such  as  between  an  applied  vdltage  and  the 
current  it  produces  In  a  circuit* 
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ORm  BIAS  ->  DlrACt-cumnt  voltage  bttwoen 
thi  Crld  and  the  catbodtf  of  an  electron  tubd. 

GHUD  BLOCKXMO  -  Blocking  of  capacitance- 
couple  stagei  in  an  ampllller  caused 
the  accumulation  of  charge  on  th«  coupling 
condenflera  due  to  grid  current  padeed  dur- 
ing the  reception  of  large  aignal«. 

QRID  CAPACITOR  -  Capacitor  which  Ib con- 
nected In  deriea  ivlth  the  grid  lead  of  an 
electron  tube* 

GRIO  CIRCUIT  -  Circuit  connected  between 
the  grid  and  cathode  of  a  vacuum  tube^ 
forming  the  input  circuit  of  the  tube* 

GRID  EMiSSIQN  -  Electron  or  ion  etnlaaion 
from  a  grid  dt  an  electron  tube. 

GRID  LEAK  -  A  high  resistance  connected 
across  the  grid-input  capacitor  or  between 
the  grid  and  the  cathode  to  provide  a  DC 
path  from  grid  to  cathode  and  to  limit  the 
accumulation  of  charge  on  the!  grid. 

GRID-LEAK  DETECTOR  -  Triode  or  multl- 
electrode  tube  In  which  rectliicatlon  occurs 
because  of  electron  current  to  the  grid.  The 
v(dtage  associated  with  this  flow  through  a 
high  resistance  In  the  grid  circuit  appears 
in  amplified  form  In  the  plate  circuit. 

GRID  LIMmNG  -  A  llmlter  circuit  which 
operates  limiting  positive  grid  voltages 
by  means  of  a  large  obmic  value  resistor. 
As  the  exciting  signal  moves  In  a  positive 
direction  with  respect  to  the  cathode^  cur^ 
rent  through  the  resistor  causes  an  IR 
drop  which  holds  the  grid  voltage  essentially 
at  cathode  potential.  During  negative  excur- 
siona^  no  current  flows  In  the  grid  circuit; 
00  no  voltage  drops  occurs  across  the 
resistor. 

GRID  RESISTOR  "  General  term  used  to 
denote  any  resistor  In  the  grid  circuit 

GRID  SUPPRESSOR  -  A  resistor  of  low 
ofamic  value  (50  to  100  ohnEU|)r  sometimes 
inserted  In  the  grid  circuit  of  an  RF  ampli- 
fier to  prevent  parasitic  oscillations. 


GRID  SWINO  -Total  variation  in  grid-cathode 

voltage  from  the  positive  peak  to  the  nega-  _ 

tive  peak  of  the  applied  signal  voltage. 

GRID  VOLTAGE  -  Vdtage  between  a  grid 
and  the  cathode  mdaaured  at  the  electron 
tube  terminals. 

GROUNDED  -  Connected  to  earth  or  to  some 
conducting  bo4y  which  serves  in  place  of 
earth. 

GROUNDED-GRID  AMPLIFIER-  An 
electron-^^tube  ampllller  circuit  in  which  the 
c<Hitrol  grid  is  at  ground  potential  at  the 
operating  frequency,  with  Input  applied  be- 
tween, cathode  and  ground,  and  the  output 
load  connected  between  plate  and  ground. 
The  grid-to-plate  impedance  of  the  tube  is 
in  parallel  with  the  load  Instead  of  acting 
as  a  feedback  path* 

♦ 

GROUND  POTENTIAL  -  Zero  potenUal  with 
respect  to  the  ground  or  eartlL 

GROUND  WAVE  -  Radio  wave  that  Is  pro* 
pagated  over  the  eartlL  A  ground  wave  In- 
cludes all  components  of  a  radio  wave  over  ^ 
the  earth  except  ionospheric  andtropospberic 
waves. 

GROWN  SEMICONDUCTOR  -  A  Junctlonpro- 
duced  during  growth  of  the  crystal  during  a 
melt. 

HALF-WaVE  antenna  *  An  antenna  whose 
length  Is  approximately  equal  to  one-half 
the  wavelength  beingtransmitted  or  received. 

HALF-WAVE  RECTIflER  -  A  nonlinear 
device  used  to  rectify  alternating  current 
into  direct  current  Only  one-half  of  the 
input  cycle  Is  rectUledf  the  output  wave 
being  a  pulsating  direct  current 

HARD  TUBE  *  High-vacuum  electronic  tube. 

HARMONIC  -  Integral  multiple  of  a  ftmda- 
mental  frequency;  e.g.»  harmonics  of  60  hertz 
are  120  hertz^  180  bertz^  240  hertz,  etc. 

HARMONIC  CONTENT  -  Degree  of  distortion 
In  the  output  signal  of  an  ampllller*. 
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HARMONIC  DISTORTION  *  ProduoUon  of 
harmonic  frequ^nclei  at  the  output  bf  th« 
nonllMarlty  of  a  traniducar  when  a  iinui* 
oldal  voltage  li  applied  to  the  input.  Ampli- 
tude of  dlitortlon  is  ueually  a  function  of 
the  AJUpUtuda  of  the  input  ilgnal, 

HARMONIC  GENERATOR  -  Vacuum  tutM  or 
other  generator  operated  under  conditions 
in  «hlch  It  generates  rf  current  having 
strong  harmonics. 

HARTLEY  OSCILLATOR  -  An  osclUator  In 
which  a  paraUel-tuned  tank  circuit  is  con- 
nected between  grid  and  plate  or  base  and 
collector^  ths  inductive  element  of  ths  tank 
having  an  lotarmedlate  tap  at  cathode  or 
emitter  potentlaL 

HEATER  -  An  electric  heating  element  for 
supplying  beat  toanlndirectlybeatedcatbode* 

HEAT  SLNK  -  Mass  of  metal  that  la  added 
to  a  device^  such  as  a  power  transistor 
to  absorb  or  dissipate  beat 

HEAVISIDE  LAYERS  -  Layers  of  ionized 
gaS|  e^dstlog  In  the  region  between  50  and 
400  miles  above  the  surface  of  the  earth, 
wMcb  bend  some  {reqiueQcles  of  radio  waves 
back  to  earth  under  certain  conditions* 

HENHY  -  Centlmeter-gram-second  electro^ 
magnetic  unit  of  Inductance  or  mutual  Induct- 
ance. The  Inductance  of  a  circuit  Is  1  beniy 
when  a  current  valuation  of  1  ampere  per 
second  Induces  1  volt  it  Is  ths  basic  unit 
of  Inductance*  In  radio  smaller  units  are 
usedy  socb  as  the  millihenry  {mh),  wtilcb 
Is  one-thousandth  of  a  henry  (H)^  and  the 
microbeniy  {pLh),  vMcb  Is  one^mUlionth  of 
a  henry* 

HEPTODE  -  Seven^electrode  vacuum  tube 
containing  an  anode,  a  catbods,  a  control 
electrode,  and  four  additional  electrodes, 
usually  grids. 

HERTZ  -  Unit  of  frequency  eq>ial  to  1  cycle 
per  second. 


HETERQDYKS  *  (1)  Process  of  combining 
two  ilgnal  frequencies  in  a  nonlinear  device, 
with  the  result  that  frequencies  equal  to 
the  sum  and  difference  of  the  combining 
frequencies  are  produced*  (2)  To  beat  or 
mix  two  frequencies  in  a  nonUnear  com- 
ponsnt  in  order  to  produce  different  fre* 
quencles  from  those  introduced. 

HETERODYNE  DETECOIOK  -  Detection  <or 
conversion)  bf  means  of  the  heterodyne 
principle;  used  In  the  generation  of  the 
intermediate  frequency  of  a  superhetero<tyne 
receiver  and  In  making  CW  signals  audible. 

BETERQDYNE  DETECTOR  -  Detector,  In- 
corporating a  local  osclUator  (called  a  beat- 
freqiuency  osclUator),  used  to  convert  an 
Incoming  RF  signal  to  an  audible  tone  bf 
the  heterodyne  process* 

HEXODE  -  Slx^electrode  vacuum  tube  con- 
taining an  anode,  a  cathode,  a  control  elec- 
trode, and  three  additional  electrodes,  usu- 
aUy  grids* 

HIGH  FIDELITY  *  Term  applied  to  an  audio 
component,  amplifier,  or  system.  Ideally^  It 
Is  the  ability  to  reproduce  falthfUUy;  that 
is  with  a  minimum  of  distortion,  the  ftiU 
audio  range  of  frequencies*  Whtte  no  uni-* 
versal  standard  has  been  set  up,  this  rai^ 
is  generally  agreed  to  be  approodmately  20 
to  2(^000  hertz*  Hofwever,  tfae  term  Is  often 
loosely  applied  to  units  whose  range  faUs 
short  of  these  Umits* 

HIGH-LEVEL  MODULATION  «  Modulation 
produced  at  a  point  In  a  system  where  the 
power  level  approximates  that  at  the  out- 
pui  of  the  system;  It  is  also  caUed  plate 
modulation. 

BIGH-BiU  TUBES  -  Tubes  having  a  very 
high  amplification  factor* 

HIGH-PASS  FILTER  *  Selective  transducer 
which  efUclently  passes  waves  of  all  fre- 
quencies down  to  a  certain  frequency  {cut* 
off  frequency)  and  etfectlirely  bars  waves 
having  frequencies  lower  than  the  cutofi 
frequency* 
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HIOH  Q  -  tUgh  ratio  of  reactanco  to  elEfec- 
tlvo  realtftance.  It  ia  an  expression  of  coll 
efficiency. 

aiQH  RESISTANCE  VOLTMETER  -  Volt- 
meter having  a  resistance  considerably 
higher  than  1000  ohms  per  volt,  so  that  It 
draws  very  uttle  current  from  the  clrcidt 
in  which  a  measurement  Is  made. 

HIGB-VACUUM  RCCOinER  -  Vacuum-tube 
rectifier  In  which  conduction  is  entirely  by 
electrons  emitted  from  the  cathode* 

BIGH-VACUUM  TUBE  -  Electron  tube  eva- 
cuated to  such  a  degree  that  its  electrical 
characteristics  are  essentially  unaffected 
by  gaseous  ionization. 

HOLE  -  A  mobile  vacancy  In  the  electronic 
valence  structure  of  a  semiconductor  which 
acts  as  a  positive  electronic  charge  ^th  a 
mass* 

HOLE  CURRENT  -  The  current  in  a  semi- 
conductor associated  with  apparent  positive 
charges  designated  as  holes* 

HOOD  -  Shield  used  with  a  cathode-ray 
tube  to  eliminate  extraneous  Ugbt  and  thus 
make  the  Image  on  the  screen  appear  clear* 

HORIZONTAL  -  (1)  Peipendlcular  to  the 
direction  of  gravity*  (2)  In  the  direction  of, 
or  parallel  to,  the  horizon*  (3)  On  a  level* 

HORIZONTALLY  POLARIZEDWAVES- Un* 
early  polarized  electromagnetic  wave  whose 
direction  of  polarization  Is  horlzontaL  A 
horizontally  polarized  wave  is  one  In  which 
the  electric  intensity  1^  parallel  to  the 
earth* 

BORN  -  (1)  l^ibe  of  varying  cross-sectional 
area  for  radiating  or  receiving  acoustic 
waves*  (2)  Primary  element  cooalstliig  of  a 
part  of  a  metal  waveguide  In  which  one  or 
both  cross- sectional  dimensions  increase 
toward  the  open  end. 

HORN  MOUTH  -  End  of  the  horn  with  the 
larger  cross^sectional  area. 
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HORN  THROAT  -  End  of  the  horn  with  the 
smaller  oross-sectlonal  area* 

HORSESHOE  MAGNET  -  Permanent  magnet 
or  electromagnet  bent  into  the  shape  of  a 
horseshoe  or  having  a  U-shape  to  bring  the 
two  poles  near  each  other. 

HOT  *  (1)  Connected^  alive*  energized;  per- 
tains to  terminal  or  any  tingrounded  con- 
ductor. (2)  Not  grounded. 

HOT-WIRE  AMMETER  -  Instrumentlnwhlch 
current  is  measured  by  sending  it  through 
a  fine  wire,  which  Is  thereby  hsated.  The 
resulting  expansion  or  sag  of  the  wire  Is 
used  to  deflect  the  meter  pointer*  It  can 
be  used  to  measure  either  alternating  cur* 
rent  or  direct  current,  since  both  have  the 
same  heating  effect,  but  Is  used  chiefly  at 
radio  frequencies* 

HUM  -  In  audio -frequency  systems,  alow- 
pitched  droning  ndse,  usually  conq)osed  of 
several  harmonically  related  frequencies, 
resulting  from  an  AC  power  supply,  from 
ripple  from  a  DC  power  supply,  or  from 
induction  due  to  exposure  to  a  powersystem* 
By  extension,  the  term  Is  applied  In  visual 
systems  to  Interference  resulting  from 
similar  sources* 

HUNTING  -  (1)  Servos  andradar:  mechanical 
oscillation  In  a  servosystem  due  tolmproper 
adjustment  of  control  voltage,  servoamplifier, 
or  feedback.  (2)  Motors:  synchronous  motor 
la  said  to  bunt  when  It  tends  to  drive  ahead 
of  a  synchronous  speed,  then  fall  l>aclc  sev- 
eral  times  a  second  (for  small  motors)*  The 
average  speed  of  the  motor  Is  not  aJtfected 
imless  the  hunting  causes  the  motor  to  fall 
out  of  synchronism* 

H-WAVE  -  Mode  in  which  electromagnetic 
energy  can  be  transmitted  in  a  waveguide* 
An  B-wave  has  an  electric  field  which  Is 
entirely  transverse  {perpendicular  to  the 
length  of  the  waveguide)  and  a  magnetic  field 
which  has  a  longitudinal  component  In  addi- 
tion to  Its  transverse  component* 
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HY8TBR£Sm  «  Th#  phonomonoa  «xhlblt<d 
by  ft  «yitem  or  device  whoso  itato  ddpoodi 
on  iti  pnvlouft  hlatory.  The  term  km- 
orally  used  to  refer  to  magnatle  hyatereili^ 
Ai  faystensls  mfty  cenerate  exeeifllve  heftt. 
Electric  fayiteresli  occurs  in  dielectrics, 
ftnd  elastic  tkystensls  In  solids* 

HYSTERESIS  LOOP  -  Hysteresis  loop  for 
ft  magnetic  material  In  ft  cycUcly  magnetized 
condition  Is  a  curve  (usually  with  rectangu*- 
lar  coordinates)  showing  two  values  of  the 
magnetic  Induction  tor  each  value  of  the 
magnetizing  forcei  one  when  the  magnetizing 
forca  Is  Increasing^  the  other  when  It  Is 
decreasing. 

HYSTERESIS  LOSS  Power  loss  In  an  Iron** 
core  transformer  or  other  alternating- 
current  device  due  to  a  magnetic  hysteresis. 

IDEAL  DIELECTRIC  ^  Dielectric  in  which 
all  the  energy  required  to  establish  an 
electric  field  In  the  dielectric  Is  returned 
to  the  source  when  the  field  is  removed. 
A  perfect  dielectric  must  have  zero  con** 
ductlvity.  Also,  all  absorption  phenomena 
must  be  lacking.  A  vacuum  Is  the  only  known 
perfect  dielectric. 

IDEAL  TRANSFORMER  -  Imaginary  trans* 
former  which  neither  stores  nor  dissipates 
energy.  It  is  a  transformer  having  sell-  and 
mutual  Impedances  which  are  pure  Induct- 
ances of  Infinitely  great  values  and  one 
which  has  a  unit  coefficient  of  coupling. 

IP  "  (See  lOTERMEDIATE  FREQUENCY.) 

IMAGE  FRBQUENCY  -  (l)  In  heterodyne 
frequency  converters  In  which  one  of  the 
two  sldebandsproducedbybeatlngls selected, 
the  Image  frequency  Is  an  undeslred  Input 
frequency  capable  of  producing  the  selected 
frequency  by  the  same  process.  The  word 
Image  Implies  the  mirrorllke  symmetiy  of 
signal  and  Image  frequencies  about  the  beat* 
Ing  oscillator  frequency  or  the  Intermediate 
frequency^  whichever  Is  higher.  (2)  Carrier 
frequency  of  an  undesired  signal  which  Is 
capable  of  combining  with  the  frequency  of 
the  local  oscillator  In  a  superheterodyne, 
thus  forming  the  Intermediate  frequency^ 


and  eventually  being  nprodueedtogetherwlth 
the  daslnd  signal*  For  examplei  U  the 
Intermediate  frequency  Is  BOO  kUobertz^  a 
locally  generated  signal  of  B|BOO  kllohertz 
combined  with  signals  of  either 
BOOO  klloherts  or  6000  kllohertz  would  nsult 
m  the  proper  Intermediate  frequency*  (3)1^ 
superheterodyne  reception  the  image  twA 
quency  is  a  radio  frequency  which  Is  as  far 
removed  on  one  side  from  the  Intermediate 
frequency  as  the  desired  signal  Is  on  the 
other  side* 

IMAOE  RESPONSE  -  Response  of  a  super- 
heterodyne receiver  to  the  Image  frequency^ 
as  compared  to  the  response  to  the  desired 
frequency^  usually  expressed  in  decibels. 

IMPEDANCE  -  Total  opposition  offered  to 
the  flow  of  an  alternating  current  It  may 
consist  of  any  combination  of  resistance, 
Inductive  reactance,  and  ciqpacltive  react- 
ance; Its  symbol  Is  Z. 

IMPEDANCE  COUPUNG  -  A  method  of  cou** 
pllng  using  an  Impedance  as  the  coupling 
device,  common  to  both  the  primary  and 
eecondary  circuits.  This  type  of  coupling  is 
usually  limited  to  audio  systems,  where  high 
gain  and  limited  bandpass  are  required. 

IMPEDANCE  MATCHING  *  Method  of  con- 
necting a  network  or  generator  to  a  load 
so  that  there  Is  a  maidmum  transfer  of  power, 
or  a  minimum  reflection.  The  two  require- 
ments are  Identical  only  when  the  Impedance 
of  the  network  to  be  matched  Is  entirely 
resistive,  when  minimum,  or  zero  reflec- 
tion is  desired,  the  load  Impedance  Is  made 
equal  to  the  network  Impedance;  l.e.,  the 
load  Impedance  Is  made  the  image  of  tlie 
network  Impedance  with  magneltude  andphase 
angles  equal,  and  the  phase  angles  of  the 
same  sign  as  those  ot  the  generator  network. 
For  maximum  power  transfer^  tlie  load 
Impedance  must  be  conjugate  of  the  netwotfe 
Impedance;  l.e.,  the  magnitude  and  phase 
angle  are  equal  but  tlie  pliase  angle  Is  of 
the  opposite  sign  to  the  network  phase  angle. 

IMPEDANCE-MATCHING  TRANSFORMER  - 
Transformer  used  to  obtain  an  Impedance 
match  between  a  source  and  load. 
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IMPURITY  -  Subtftanco  that,  whdn  dlffiui^d 
Into  iomtconchtctormAtorlallnBrnaUainounttfi 
6ttb«r  provldott  free  electrons  toUuiinaterlal 
"or  ftcceptB  electrone  from  tt.  Impurities  that 
provide  fteo  electrons  are  called  donors  and 
cause  thsj  material  to  be  N-type.  Impurities 
that  acc«rpt  electrons  and  make  "tudes" 
are  called  acceptors  and  cause  the  material 
to  be  P^typOi 

INCREMENT  -  Change  In  the  value  of  a 
variable* 

INDICATOR  -  (1)  That  component  of  a  set| 
sucb  as  a  radar  set,  by  wMcb  the  data 
obtained  by  the  set  Is  presented  for  visual 
observation,  lype  of  presentation  Is  nor- 
mally a  catbode-ray  Indicator.  (2)  Lamps, 
switch  positions,  and  other  devices  used 
to  Indicate  a  particular  situation.  (3)  A  part 
Of  a  message.  (4)  A  specific  action  which 
might  signify  the  existence  of  a  eltuatlon 
or  condition. 

INDIRECTLY  HEATED  CATHODE  -  A  cath- 
ode of  a  thermionic  tube  to  which  heat  is 
applied  by  an  Independent  heater  element. 

INDUCED  -  Produced  as  a  result  of  expo- 
sure of  the  Influence  or  variation  of  an 
electric  or  magnetic  field, 

INDUCED  CHARGE  -  Electrostatic  charge 
produced  on  an  object  by  the  electric  field 
that  surrounds  a  nearby  object. 

INDUCED  CURRENT  -  Current  due  to  an 
Induced  voltage. 

INDUCED  ELECTROMOTIVE  FORCE  -  The 
electromotive  force  Induced  In  a  conductor 
due  to  the  relative  motion  between  the 
conductor  and  a  magnetic  field, 

INDUCTANCE  -  The  property  ol  an  elec- 
trical circuit  whereby  changes  In  the  current 
flowing  In  the  circuit  causes  changes  In 
the  magnetic  field  associated  with  the  circuit 
so  that  a  counter  EMF  Is  set  mq,  either 
in  the  circuit  Itsell  or  In  neighboring  cir- 
cuits. If  the  counter  EMF  Is  set  up  In  the 
same  circxiit,  It  Is  sell*lnductance;  If  In  a 


neighboring  olrculti  It  le  mutual  inductance. 
The  unit  of  inductance  is  the  henry.  The 
henry  is  the  inductance  which  will  Induce 
a  counter  EMF  of  1  volt  when  the  Inducing 
current  Is  changed  at  a  rate  of  1  ampere 
per  second.  The  henry  is  a  large  unit*  and 
In  radio  work  the  henry  Is  divided  Into 
smaller  units,  the  millihenry  (one -thousandth 
part)  andthe  microhenry  (one-millionth part). 

INDUCTANCE,  DISTRIBUTED  -  tlie  Induct- 
ance In  a  circuit  which  Is  not  designed  into 
the  circuit  but  exists  because  of  current 
flow.  It  Is  Inherent  in  ai^  circuit  where 
current  Is  flowing. 

INDUCTION  -  (1)  The  establishment  of  ^ 
electric  charge  or  a  magnetic  field  in  a 
substance  by  the  proximity  of  an  electrified 
source,  a  magnet,  or  a  magnetic  field, 
(2)  Hie  setup  of  an  EMF  and  current  flow 
in  a  conductor  by  variation  of  the  magnetic 
field  affecting  the  conductor. 

INDUCTION  FIELD  *  That  portion  of  the 
electromagnetic  field  of  a  transmitting 
antenna  which  acts  as  If  It  were  permanently 
associated  with  the  antenna.  Hie  field  near 
an  antenna  into  which  energy  Is  altertkatefy 
stored  and  removed.  Energy  of  this  type  Is 
not  permanently  lost  to  the  antenna.  (The 
radiation  field  leaves  the  transmitting  an- 
tenna and  travels  through  space  as  radio 
waves.) 

INDUCTIVE  CIRCUIT  -  Circuit  containing  a 
hlgter  value  of  inductive  reactance  than 
capadtive  reactance. 

INDUCTIVE  FEEDBACK  -  (1)  Transfer  of 
energy  from  the  plate  circuit  to  the  grid 
circuit  of  a  vacuum  tube  by  means  of  induc- 
tion. (2)  Transfer  of  energy  from  the  output 
circuit  to  the  Input  circuit  of  an  ampIUying 
device  through  an  Inductor,  or  by  means  of 
Inductive  coupling. 

INDUCTIVE  LOAD  -  A  reactive  load  that 
Is  predominantly  Inductive,  so  that  the  load 
current  lags  behind  the  load  voltage. 


30 


1C3 


INDUCTIVE  REACTAMCB  *  (D  Iteactuce 
which  la  cauied  by  th«  Inductance  of  a  cir- 
cuits It  ifl  exproMed  In  ohms  and  itf  equal 
to  3Tr  tlmM  tho  product  of  the  frequency  in 
hertx  and  the  Inductance  In  hentyi»  CDQppo- 
sltlon  to  the  flow  of  alternating  or  pulsating 
current  due  to  the  Inductance  of  a  circuit. 
It  dissipates  no  power,  and  Its  symbol  is  Xl* 

INDUCTOR  -  (1)  Device  for  Introducing 
Inductance  Into  an  electric  circuit.  (2)  Coll 
having  Inductance. 

INERTIA  -  Tendency  for  matter  to  remain 
at  reat  or  If  moving,  to  keep  moving  in 
the  same  direction. 

INFINITE  LINE  -  Transiclsslon  line  having 
chJiracteristlcs  correspondtng  to  those  which 
would  he  obtained  with  an  ordinary  line  that 
la  infinitely  long. 

INHIBIT-GATE  -  Gate  circuit  whose  output 
la  energized  only  when  certain  signals  are 
present  and  other  signals  are  not  present 
at  the  liqmtfl. 

INITIATING  -  Causing  an  action  to  st^.t.  ^ 
qualiQrl-^  term  applied  to  a  device  whose 
operat  a  must  precede  thatof  other  devices 
Involved  In  an  operating  sequence. 

INJECTION  GRID  -  Grid  introduced  Into  a 
vacuum  tube  In  such  a  way  that  It  exercises 
control  over  the  electrw  stream  without 
causing  interaction  between  ttie  screen  grid 
and  control  grid.  The  inlection  gild  is  used 
as  A  means  of  Introducing  the  oeciUator 
signal  Into  the  mixer  stage  in  some  super* 
heterodyne  receivers. 

IN-PEASE  -  Condition  that  exists  when  two 
waves  of  the  same  frequenqr  pass  through 
their  maximum  and  minimum  values  of  like 
polarity  at  the  same  instant. 

INPUT  -  (l)  Current^  voltage,  power»  or 
driving  force  applied  to  a  circuit  or  device. 
(2)  Terminals  or  otlier  pi  aces  wliere  current, 


vcdtagSi  power,  or  driving  force  may  be 
applied  to  a  circuit  or  device. 


INPUT  CAPACITANCE  -  Sum  Of  the  inter- 
electrode  capacitances  between  the  input 
electrode  and  all  other  electrodes  except 
the  output  electrode^ 

NOTE:  This  is  not  th6  effective 
«  Apacltance,  which  is  a  function  of 
the  Impedance  of  the  associated 
circuit. 

INPUT  IMPEDANCE  -  Impedance  presented 
by  a  device  to  the  source. 

INPUT  TRANSFORMER  -  Transformer  used 
to  transfer  energy  from  a  voltage  source 
to  ttie  input  of  a  circuit  or  device^ 

INSTANTANEOUS  VALUE  -  Magnitude  at  any 
particular  instant  of  a  value  that  is  con- 
ttcually  varying  with  respect  to  time. 

INSTRUMENT  LANDING  SYSTEM  -  (]LS)A 
radio  navigation  system  which  provides  air* 
craft  with  horizontal  and  vertical  guidance 
Just  before  and  during  landing  and«  at  cer- 
tain fixed  points,  indicates  the  distance  to 
tlie  reference  point  of  landing. 

INSULATED  WIRE  -  Conductor  covered  with 
a  nonconducting  material* 

INSUIiAHON  -  (l)  Nonconducting  material 
used  to  prevent  the  leakage  of  electricity 
from  a  conductor  and  to  provide  mechanical 
spacing  or  support  to  protect  against  acci- 
dental contact.  (Z)  Use  of  material  in  v^ch 
cumnt  flow  is  negUgibte  to  surround  or 
separate  a  jsonductor  to  prevent  loss  of 
current,  ^ 

INSUliATOR  *  (I)  Material  of  such  low  con- 
ductivity that  the  flow  of  current  through  it 
can  usually  be  neglected.  (2)  Device  having 
high-electric  resistance,  used  forsupporting 
or  separating  conductors  so  as  to  preveid 
undesired  flow  of  current  from  the  con- 
ductors to  other  6b]ects. 
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INTEORATOR  CIBCUIT  -  A  circuit  whOi« 
output  waveform  la  iubetantlaUy  tba  tlmo 
integral  of  lt0  inimt  waveform.  NOTE:  Such 
a  circuit  preceding  a  phase  modulator  makes 
the  combination  a  frequency  modulator;  or, 
following  a  frequency  detectori  makee  the 
combliiatlon  a  pbaee  detector.  ltd  ratio  of 
output  amplitude  to  Input  amplitude  is  ln» 
vereely  proportional  to  frequency^  and  Its 
output  phaee  lags  its  input  phase  W\ 

INTELUOENCE  SIGNAL  -  ftgnal  that  con- 
veys Information. 

INTENSITY  *  (l)  Strength  or  amplitude  of 
a  quantity.  (2)  Relative  strength  of  electric, 
magnetic,  or  vibrational  energy.  (3)  The 
brilliance  of  an  Image  on  the  screen  of  a 
cathode-ray  tube. 

INTENSITY  MODULATION  •  Technique  of 
applying  a  signal  to  the  grid  of  a  cathode* 
ray  tube,  so  that  the  brightness  of  various 
portions  of  the  pattern  will  be  varied. 

INTERCOMMUNICATIONS  SYSTEM  ^AudlO- 
frequency  amplifier  system  that  provides 
2*way  voice  communications  between  two  or 
more  locations. 

INTERELECTRODE  CAPACITANCE  -Capa* 
cltance  esdstlng  between  electrodes  of  a 
device. 

INTERELECTRODE  TRANSMIT  TIME Time 
required  for  an  electron  to  traverse  the 
distance  between  two  electrodes. 

INTERFERENCE  -  (I)  Electrical  dlsturb- 
aoce  which  causes  undesirable  responses  In 
electronic  equipment  (2)  Disturbance  In 
radio  reception  caused  by  undeslred  signals, 
stray  currents  from  electrical  apparatus^ 
etc.  A  current  from  a  foreign  source  or  a 
second  communication  line  which  In  some 
way  produces  derogatory  performance.  Liter^ 
ference  Is  sometimes  spdcen  of  as  the  cur- 
rent or  power  which  causes  ndse  .In  the 
telephone.  (3)  Inaslgnaltransmlsslonsystem 
either  extraneous  power  which tendstojlnter- 
fere  with  the  reception  of  the  deslredsignalSf 
or  the  disturbance  of  signals  which  results. 
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INTERLOCK  SWITCH  -  Safety  switch  which 
deenergl»s  high  voltage  when  doors,  access 
covers,  or  other  openings  are  opened. 

INTERMEDIATE  FREQUENCY  »  (l)  Fixed 
frequency  to  which  carrier  waves  are 
converted  In  a  mqperheterodyne  receiver. 

(2)  Carrier  frequency  used  In  a  stage  of 
modulation  intervening  between  the  original 
signal  and  the  final  modulated  carrier. 

(3)  Frequency  to  which  a  signaling  wave 
is  shifted  locally  as  an  intermediate  step 
transmission  or  reception.  (4)  Frequency 
resulting  from  the  combination  of  the  re- 
ceived signal  and  that  of  the  local  oscil- 
lator In  a  superheterodyne  receiver. 

INTERMEDIATE-FREQUENCY  AMPU- 
FIER  *  Section  of  asuperheterodym  receiver 
which  amplifies  intermediate  frequency  sig- 
nals with  high  efficiency. 

INTERMITTENT  DEFECT  Detect  that  de- 
pends on  varying  conditions  In  a  circuit 
and  hence  is  not  contlmmsly  present 

INTERNAL  RESISTANCE  -  Resistance  with* 
in  a  cell  or  battery  to  the  flow  of  an  electric 
current 

INTERROGATION  SIGNAL  -  Signal  sent  out 
by  an  Interrogator  to  a  ship  or  aircraft 
whose  Identity  Is  unknown. 

INTERRUPTED  CONTINOOUS  WAVE  -  Con- 
tinuous waves  that  are  Interrupted  at  a 
constant  audio-frequency  rate. 

INTERSTAGE  -  Between  stages. 

INTRINSIC  PROPERTIES  ^  QtaseDolconduc- 
tor,  the  properties  of  a  senolconductor  that 
are  characteristic  of  the  ideal  crystal. 

INTRINSIC  TEMPERATURE  RANGE  ^  In  a 
senolconductor,  the  temperature  range  In 
which  the  electrical  properties  of  a  senol- 
conductor are  essentially  not  modified Im- 
purities or  Imperfections  within  the  crystal. 


INVERSE  PEAK  VOLTAGE  *  (1)  Peak  Vtdud 
of  the  irutantaiuoiifl  voltafo  acroii  a  rtctl* 
fler  during  ttio  half  of  th«  cycto  that  it  la 
w  not  conducting.  (S)  The  maximum  voltage  ba^ 

tween  cathode  and  plate  of  a  vacuum  tube 
when  it  Ifl  not  conducting* 

INVERSE  SQUARE  LAW  *  Law  Of  optlce 
which  states  that  the  Intensity  of  light  varies 
Inversely  as  the  square  of  the  distance  from 
the  source  of  light.  This  Is  equally  true  of 
the  Intensity  of  a  radio  wave* 

INVERSE  VOLTAGE  -  The  voltage  Im- 
pressed across  a  diode  during  the  half  cycle 
the  anode  Is  negative. 

INVERTER  -  (1)  Device  for  converting  direct 
current  into  alternating  current.  (2)  Circuit 
which  takes  in  a  positive  pulse  and  puts 
out  a  negative  one^  or  takes  tn  a  negative 
pulse  and  puts  out  a  positive  one. 

IONIZATION  CURRENT  -  Electric  current 
resulting  from  the  movement  of  electric 
charges  In  an  ionized  medium^  under  the 
Influence  of  an  applied  electric  field. 

.  IONIZATION  POTENTIAL  -   PotenUal  at 

which  ionization  begins  within  a  gas-flUed 
tube.  This  potential  Is  slightly  lower  than 
the  firing  or  striking  potential  at  which 
complete  ionization  takes  place. 

IONIZE  To  make  an  atom  or  molecule  of 
an  element  lose  an  electron^  as  by  X-*ray 
bombardment^  and  thus  be  converted  into  a 
positive  Ion.  The  freed  electron  may  attach 
itself  to  a  neutral  atom  or  molecule  to  form 
a  negative  ion. 

IONOSPHERE  *  An  outer  belt  Of  the  earth's 
atmosphere  in  which  radiations  from  the  sun 
or  interstellar  space  ionize^  or  excite  elec-* 
trlcally^  the  atoms  and  molecules  of  the 
atmospheric  gases.  The  height  of  the  iono- 
sphere varies  with  the  time  of  day  and  the 
season^  but  its  lower  limit  Is  generally  con- 
sidered to  lie  l}etween  25  and  SO  miles.  It 
is  divided  into  several  layers  with  respect 
to  radiation  and  reflective  properties.  A 
characteristic  phenomenon  Is  its  reflection  of 
Certain  radio  waves. 


ION  TRAP  -  A  method  or  device  in  manu- 
facturing and  operating  oathode-ray  tubes 
to  prevent  ions  from  bombarding  the  phosphor 
coating  of  the  tubes  and  causing  blemishes. 
The  ions  may  be  cathode-generated  or  gen- 
erated by  secondary  emission  of  grid  and 
cathode;  they  are  heavier  than  electrons  and 
are  not  deflected  tv  the  electron  magnetic 
deflection  circuits.  The  trap  may  be  a 
l}ent-gun  type,  or  stratgfat*gun  type,  but  an 
external  magnetic  field  for  contrd  of  the 
ions  is  required;  i.e*^  external  tp  the  mag* 
netlc  deflection  circuits.  An  almnlnlzed  tube 
does  not  require  an  Ion  trap^  nor  does  an 
electrostatlcally^focused  and  deflected  tibe 
require  such  a  trap, 

IR  DROP  -  Voltage  drop  produced  across 
resistance  R  by  the  flow  of  current  I  thnsugh 
the  resistor. 

i2r  loss  -  Power  loss  in  transformers^ 
generators^  connecting  wlres«  andotherparts 
of  a  circuit  due  to  the  flow  of  current  I 
through  resistance  R  of  the  conductors. 

IRON^CORE  COIL  -  Cdl  tn  whlchiron forms 
part  or  all  of  the  magnetic  core  linking  its 
windings. 

IRON^CORE  TRANSFORMER  -  Transformer 
in  which  iron  forma  part  or  all  of  the  mag- 
netic core  linking  the  transformer  windings. 

IRON  LOSS  *  Power  loss  occurring  In  iron 
cores  of  electric  machines^  cdls^  trans-* 
formers^  etc.^  due  to  hysteresis  and  eddy 
currents. 

JACK  A  connecting  device  to  which  a 
wire  or  wires  of  a  circuit  may  be  atUched 
and  which  is  arranged  for  the  insertion  of 
a  plug. 

JUNCnON  (l)  Connection  l}etween  two  or 
more  conductors  or  two  or  more  sections  of 
transmission  lines.  (2)  Contact  between  two 
dissimilar  metals  or  materials^  as  in  a 
rectifier  or  thermocouple.  (3)  Meeting  ottwo 
pole  lines*  (4)  Point  where  the  continuity  of 
a  pole  line  changes^  as  where  a  branch 
takes  oft.  (5)  Of  a  semiconductor^  a  transi-* 
tion  region  l}etween  semiconducting  regions 
having  different  electrical  properties^  or 
between  a  metal  and  a  semiconductor. 
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JUNCTION  TRANSISTOR  -  A  translator  hav- 
ing a  bue  electrodo  and  two  or  mora  June» 
tlon  elect  rodeo* 

KEYER  -  (l)  ddvlce  which  changes  the 
output  of  a  transmitter  from  one  condition 
to  another  in  accordance  with  the  intelli- 
gence to  be  transmitted.  (2)  Name  oftenglven 
to  a  radar  modulator. 

KILOHERTZ  -  Frequency  of  1,000  hartz* 

KINETIC  ENERGY  »  Energy  which  a  body 
possesses  by  virtue  of  its  motion, 

KIRCHOFF'S  LAWS  -  (l)  The  algebraic  sum 
of  the  currents  flowing  toward  any  point  in 
an  electric  network  is  zero.  (2)  The  algebraic 
oum  of  tbe  products  of  the  current  and  ra* 
s^stance  in  each  of  the  conductors  in  any 
closed  path  In  a  network  Is  equal  to  the 
algebraic  sum  of  the  electromotiTe  forces 
In  the  path.  These  laws  apply  to  tha  Instan- 
taneous values  of  currents  and  electromotive 
forces,  but  may  be  extended  to  the  effective 
values  of  sinusoidal  currents  and  electro- 
motive forces  by  replacing  algebraic  sum  by 
vector  sum  and  by  replacing  resistance  by 
Impedance* 

KLYSTRON  -  A^  special  type  of  electron 
tKite  used  as  an  oscillator  or  amplifier  at 
UHF  and  SHF  bands*  A  signal  voltage  on 
the  grid  varies  the  velocity  of  an  electron 
stream  rather  than  intensity  as  In  a  normal 
vacuum  tube*  Electrons  emitted  by  a  cathode 
are  focused  into  a  stream  and  directed  Into 
resonant  cavities  through  grldUke  apertures*. 
An  RF  electric  field  set  up  between  the 
apertures  and  parallel  to  the  electron  stream 
bunches  the  electrons  byaltematelylncreaa- 
ing  and  decreasing  their  velocity*  Tbe  res- 
onant frequency  may  be  varied  by  changing 
the  electrode  voltages,  or  by  mechanical 
adjustment  of  ttie  size  and/or  shape  of  tbe 
cavities* 

LAG  -  Displacement  in  time,  eacpressed  in 
electrical  degrees,  iMtween  two  waves  of 
the  ^  same  frequency,  when  the  reference 
wave  reaches  its  maximum  value  befsore  the 
continued  wave* 


LAQOINO  CURRENT  -  Current  flowing  in  a 
Circuit  which  lags  the  voltage  in  the  circuit* 

LAQOINO  LOAD  -  A  circuit  load  which 
causes  the  current  to  lag;  predominately 
inductive  rather  than  resistive  orcapacltlve* 

LAMBDA  -  Greek  letter  lambda  (X),  gen- 
erally used  to  designate  wavelength, 

LAMINATED  *  Made  of  thin  layers* 

LAMINATED  CORE  -  Iron  core  for  a  coil, 
transformer,  armature,  etc*,  built  up  from 
laminations  stamped  tvom  sheet  iron  or 
steel*  The  laminations  are  more  or  less 
insulated  ftom  each  other  by  surface  ooddes 
and  sometimes  also  by  application  of  vamlsb. 
Laminated  construction  is  used  to  minimize 
the  effect  of  eddy  currents* 

LANDLINE  -  A  communication  cable  on  or 
under  the  earth's  surface,  in  contrast  to  a 
submarine  catde* 

LASER  -  See  UGHT  AMTUFICATION  BY 
STIMULATED  EMISSION  OF  RAUATION* 

LAmCE-WOUND  COIL  -  CoU  wound  in  a 
crisscross  manner  to  reduce  distributed 
capacitance* 

LAW  OF  ELECTRIC  CHARGES  -  Uke 
Charges  repel;  unlUce  charges  attract 

LAW  OF  ELECTROBAAGNETIC  INDUCTION 
(Faraday's  law)  -  Electromotive  force  in-^ 
duced  in  a  circuit  Is  prpportlonal  to  tbe 
time  rate  of  chai^  of  the  flux  of  magnetic 
induction  linked  with  the  circuit  When  the 
change  in  flux  linltcage  is  caused  by  the 
motion^  relative  to  a  magnetic  field,  of  a 
conductor  forming  a  part  of  an  electric  cir- 
cuit, the  electromotive  force  induced  in  tbe 
circuit  is  prpportlonal  to  tbe  rate  at  whlcb 
the  cooAictor  cuts  tbe  fltnc  of  magnetic 
induction. 

LAW  OF  ELECTROSTATIC  ATTRACTION 
(CoulomVs  law)  -  Force  of  attraction  or 
repulsion  between  two  charges  of  eiectrl* 
ci^  concentrated  at  two  pdnts  in  an  Iso* 
tropic  medium  Is  proportional  to  tlM  product 
of  their  magnitudes  and  is  inversely  pro- 
portional to  tbe  square  of  tbe  distance  be- 
tween them.  The  force  betweenmdike  charges 
is  an  attraction;  t)etween  like  cfaargeo  a 
repulsion. 
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LAW  OF  MAGNETISM  -  Uko  polos  ropol; 
untlko  poled  attract. 

LAWS  OF  ELECTAIC  NETWORKS  -  See 
KlflCHHOFF'S  LAWS* 

LC  RATIO  -  natlo  of  L  to  C;  oqual  to  in* 
ductanco  in  henrys  divided  by  capacitance  In 
farads. 

LEAD  -  (1)  Wlt«  to  or  from  a  circuit  or 
element.  (2)  Opposite  of  lag;  to  proceed. 

LEAD-ACID  CELL  -  Cell  In  an  ordinary 
storage  battery,  In  which  electrodes  are 
grids  of  lead  containing  an  active  material 
consisting  of  certain  lead  oxides  that  change 
In  composition  during  charglngand discharg- 
ing. The  electrodes  or  plates  are  immersed 
in  an  electrolyte  of  diluted  sulfuric  acld« 

LEADING  CURRENT  -  Current  that  reaches 
Us  maximum  value  before  the  voltage  that 
produces  it. 

LEADING  LOAD  -  Load  that  Is  predomi- 
nately capacltlve,  so  that  its  current  leads 
the  voltage  applied  to  the  load« 

LEAKAGE  -  (1)  Electrical  loss  resulting 
from  poor  Insulation*  (2)  Undeslred  flow 
of  electricity  over  or  through  insulators 
that  are  used  to  support  or  separate  the 
conductors  of  a  circuit.  (3)  That  portion  of 
a  magnetic  field  which  Is  not  utilized  most 
effectively. 

LEAKAGE  CURRENT  -  Stray  current  of  ' 
relatively  small  value  which  flows tbroughor 
across  the  surface  of  solid  or  liquid  Insula- 
tion when  a  voltage  is  impressed  across  the 
insulation.  la  tranalstors,  flow  of  minority 
carriers  caused  by  beat. 

LEAKAGE  FLUX  -  Magnetic  lines  of  force 
that  do  not  encircle  all  the  turns  In  a  coU 
or  transformer  and  hence  do  not  contribute 
to  inductance  or  to  the  transfer  of  energy 
from  one  coU  to  another. 

LEAKY  -  Condition  in  which  the  leakage 
resistance  has  dropped  so  much  below  its 
normal  value  that  excessive  leakage  current 
flows.  Usually  ^Ued  to  a  capacitor. 


LEFT-HAND  nULE  -  (l)  For  a  current- 
carrying  wire,  if  the  fingers  of  the  left  hand 
are  closed  around  the  wire  so  that  the  thumb 
points  In  the  direction  of  electron  flow,  the 
fingers  wlU  be  pointing  in  the  direction  of 
the  magnetic  field.  (2)  For  generators;  U.the 
thumb,  flret,  and  second  fingers  of  the  left 
hand  are  extended  at  right  angles  to  one 
another,  with  the  thumb  representing  the 
direction  of  motion,  the  first  finger  repre* 
senttng  the  direction  of  the  magnetic  lines 
of  force,  the  second  finger  points  In 
the  direction  of  flow.  (For  motors,  uee 
the  right  hand.) 

LENZ'S  LAW  -  Current  Induced  in  a  circuit 
ae  a  result  of  its  motion  in  ^  magnetic 
field  is  in  such  a  direction  as  to  exert  a 
mechanical  force  opposing  the  motion* 

LEVEL  -  Difference  of  a  quantity  considered 
In  relation  to  an  arbitrarily  specified  refer- 
ence value.  Level  may  be  stated  in  the  units 
in  which  the  quantity  Itself  is  measured  (e.g., 
volts,  ohms,  etc.)  or  in  units  (e.g.,  db) 
expressijig  the  ratio  to  a  reference  value. 

LIGHT  AMPLIFICATION  BY  STIMULATED 
EMISSaON  OF  RADIATION  ^  (LASER)  An 
active  electronic  device  that  converts  liq)ut 
power  into  a  very  narrow,  intense  beam  of 
coherent  visible  or  invisible  light* 

UGHT-SENSI*mE  -  Exhibiting  a  photo* 
electric  effect  when  Irradiated^  such  as 
photoelectric  emission^  photoconductivity,  or 
photovoltaic  action* 

LIMTTER  -  (l)  Device  in  which  some  charac* 
teristlc  of  the  output  is  automatically  pre^ 
vented  fromexceedingapredeterminedvaluej 
a  transducer  in  which  the  output  amplitude  is 
substantially  linear  with  regard  to  the  tiqiut 
up  to  a  predetermined  value  andsubstantially 
constant  thereafter.  (2)  Stage  or  circuit  com* 
mcHily  used  In  FM  receivers  that  limits  the 
amplitude  of  the  signals  to  some  predeter* 
mined  maximum*  In  so  dc^big,  it  limits  inter* 
fering  noise  by  removing  excessive  ampli* 
tude  variations  from  signals.  Llmiters  are 
also  used  in  television  and  industrial  elec-^ 
tronic  ;q>paratus.  NOTE;  A  Umlter  may  be 
used  to  remove  an4)llhide  modulation  while 
transmitting  angle  modulation. 
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LINEAR  ^  Having  ui  outinit  which  vnriei 
IQ  direct  proportion  to  the  inp^t 

UllEAR  AMPUnCATION  Ampllflcatloii 
In  which  chaitgee  In  output  are  directly  pro- 
portional  to  changes  In  Input* 

LtME  OF  FORCE  -  Une  ueed  to  represent 
an  electric  or  magnetic  field  coinciding  In 
direction  with  the  Held  intensity  at  each 
point.  When  ueed  as  a  unit  of  magnetic 
flux,  a  line  of  force  la  sometimes  called 
a  maxwell* 

LINE  OF  SIGHT  -  (l)  DUtance  to  the  hori- 
zon from  an  elevated  point  Including  the 
etfects  of  atmospheric  refraction.  (2)  Line 
of  viBlon*  (3)  Straight  Une  Iwtween  an  olH 
server  or  radar  antenna  and  a  target*  (4)  Un- 
obstnjcted  or  optical  path  Iwtween  two  points* 

UNE  VOLTAGE  -  Voltage  tevel  of  main 
power  supply  to  equipment* 

LINK  COUPLING  -  A  modification  of  Induc- 
tive coupling  where  the  circuits  are  physi- 
cally separated  so  there  Is  no  mutualinduct- 
ance.  A  pair  of  coUs  furnishes  the  coupling^ 

LISSAJOUS  FIGURES  -  Patterns  produced 
on  the  scr^n  of  a  cathode-ray  tube  by  ^ 
combination  of  sine  ^ve  signal  vOltages  of 
various  amplitude  and  phase  relations  on 
horizontal  and  vertical  deflection  plates* 

LOAD  -  (1)  Power  consumed  fay  ^  device 
or  circuit  In  performing  Its  ftinctloo*  (3)  fis- 
slstor  or  other  Impedance  that  can  replace 
some  circuit  element  that  Is  to  he  temporar- 
ily or  permanently  removed,  (3)  To  put  data 
Into  a  reglater  or  storage*  (4)  To  place  a 
magnetic  tape  reel  on  a  tape  drive,  or  to 
place  cards  Into  the  card  hopper  of  a  card 
reader* 

LOAD  IMPEDANCE  -  Impedance  presented 
by  the  load  to  the  load  circuits 

LOAD  LINE  -  Straight  Une  drawn  across 
a  family  of  charactaristlCt  curves  to  show 
how  current  wlU  change  with  bias  when  a 
specified  load  resistance  Is  tised. 


LOSS  -  (1)  With  reference  to  radiation 
patterns  of  antennas^  a  portion  of  the  direc- 
tional pattern  bounded  by  one  or  two  cones 
of  mills*  (2)  In  connection  with  the  radar 
coverage  Indicator^  It  Is  the  pivoted  plastic 
overlay  representing  the  radiation  pattern  of 
the  radar  antenna. 

LOCAL  OSCILLATOR  -  A  radio  frequency 
oscillator  within  a  superheterodyne  ^  radio 
receiver  which  generates  a  signal  to  betero- 
0(^ne  with  the  Incoming  signal  to  produce 
the  Intermediate  freqwncy*  The  output  of  the 
local  oscillator  Is  fed  to  the  mixer,  and  the 
IF  output  from  the  mixer  may  he  either 
the  sum  or  the  difference  of  the  incoming 
and  local  oscillator  frequencies* 

LOGICAL  DIAGRAM  -  A  diagram  represent- 
ing the  logical  elements  and  their  Inter- 
connections without  necessarily  expressing 
constnjctlon  ^fetalis* 

LOGICAL  ELEMENT  -  In  a  computer  or 
data-processing  system,  the  smallest  build-* 
Ing  blocks  which  can  he  represented  fay 
Operators  In  an  appropriate  system  of  sym^ 
hollc  logic*  IVplcal  logical  elements  are 
the  AND*gate  and  the  flip-flop,  which  can 
be  represented  as  operators  in  a  suitable 
symbolic  logic. 

LOGICAL  SYMBOL  -*  In  computers,  agraph- 
ical  symbol  used  to  represent  a  logical 
element* 

LOOP  ANTENNA  -  Antenna  consisting  of  one 
or  nu>re  complete  turns  of  a  conductor, 
designed  for  directional  transmission  or 
reception. 

LOOSE  COUPLING  Degree  of  coupling  less 
than  the  critical  coupling. 

LOSS  '  (U  Amount  of  electrical  attemia^ 
tlon  In  a  circuity  or  the  power  consumed  In 
a  circuit  component  (2)  Energy  dissipated 
In  accomplishing  useful  woric;  usually  ex- 
pressed in  db* 

LOWER  SIDEBAND  Lower  of  two  fre- 
quencies or  two  groups  of  frequencies  pro- 
duced by  M  amplitude-modulation  process* 
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LOW-LEVEL  MODULATION  -  Modulation 
produced  at  a  point  In  a  vyitam  whtr*  tlu 
powtr  Itvtfl  li  low  comparod  with  the  power 
Itvtl  at  thA  output  ot  the  tyitem. 


MAONETIC  UMES  OF  FOBCS  -  Inuglnary 
Unit  uMd  for  oonvonlence  to  deilgnote  the 
direction  in  wbioh  magnetlo  forcti  are  act- 
ing u  a  remit  <tf  *  uagnetotnotlve  foiret. 


LOW-PASS  HLTER  -  (l)  FUter  network 
wblch  pasiOi  all  frequendei  below  a  ipcc* 
Ifled  frequency,  with  little  or  no  loi«,  but 
which  dlacrlmlnates  itroogly  agalnat  (atten- 
uatea)  higher  frequeoelei.  U)  Wave  filter 
having  a  single  tranemlealon  extending 
from  ztfro  frequency  up  to  ^bqsm  critical 
or  cutott  frequencyt  not  Infinite. 

LUMPED  CONSTANT  ^  Single  cooetant  that 
18  electrically  equivalent  to  the  total  of  that 
type  of  dlatrlbuted  constant  existing  In  a  coll 
or  circuit 

MAGNET  -  Device  or  material  which  is  the 
source  of  a  magnetic  field.  Magnets  may  be 
artificial  or  natural.  Artificial  magnets  may 
be  electromagnets  or  permanent  magnets. 

MAGNETIC  AMPUFIER  -  Device  using  one 
or  more  saturable  reactors^  either  alone  or 
in  combination  with  other  circuit  elements^ 
to  secure  power  gain. 

MAGNETIC  CORE  -  A  form  of  computer 
storage  using  amagnetlcally  permeable  core* 

MAGNETIC  DEFLECTION  *  System  using 
electromagnetic  fields  for  the  deflection  of 
electron  beams,  as  in  cathode*ray  tubes. 

MAGNETIC  DRUM  -  In  SAGE,  in  a  com* 
puter,  a  rapidly  rotating  cylinder  with  a 
ferromagnetic  coating  on  which  information 
is  stored  in  the  form  of  sequences  of  small 
spots  corresponding  to  Unary  zero  and  one. 

MAGNETIC  HELD  *  (I)  Region  in  which 
the  magnetic  forces  created  a  permanent 
magnet  or  by  a  current^carrying  conductor 
or  coll  can  be  detected.  (2)  A  vector  field 
of  magnetising  force. 

MAGNETIC  FLUX  DENSITY  ^  Magnetic  field 
Intensity  measured  In  gauss. 


MAGNETIC  Saturation  -  condition  m  an 
Iron  core  In  which  further  increases  In 
magnetising  force  produce  little  or  no  In- 
creue  in  flux  dsnslty  <tf  the  core. 

MAGNETIC  SHIELD  -  Sheet  or  core  of  IrOUi 
enclosing  instruments  or  radio  parts  to  pro- 
tect them  from  Stray  magnetic  fields  by 
providing  a  convenient  path  for  the  magnetic 
lines  of  force. 

MAGNETISM  -  Property  possessed  by  cer- 
tain materials  by  which  these  materials 
can  exert  mechanical  force  on  neighboring 
masses  of  magnetic  materials;  and  can 
cause  currents  to  be  induced  In  conducting 
bodies  moving  relative  to  the  magnetized 
bodies. 

MAGNETIZATION  CURVE  -  Curve  plotted 
on  a  graph  to  show  successive  states  during 
magnetization  of  a  ferromagnetic  materlaL 
A  normal  magnetlscatlon  curve  is  a  portion 
of  a  symmetrical  h]rsteresls  loop»  while  a 
virgin  magnetization'  curve  sliows  what 
happens  the  first  time  the  material  is 
magnetized. 

MAGNETOMOTIVE  FORCE  *  Force  that  is 
the  cause  of  magnetic  induction.  It  is  the 
total  magnetizing  force  acting  around  a 
closed  magnetic  circuit  If  it  results  from 
the  flow  of  current  in  a  coll^  it  is  pro- 
portional to  the  ampere^tum.  The  CGSunlt 
of  magnetomotive  force  is  the  gUbert  (equal 
to  about  0*8  ampere^tum). 


MAGNETOSTRICTION  ^  Expansion  and  con*^ 
traction  of  a  magnetic  material  under  the 
Influence  of  a  varying  mrgnetlc  field.  Cer- 
tain metals^  notably  nickel  and  some  of  its 
alloiys,  undergo  dimensional  changes  when 
sul^ected  to  the^  influence  of  a  magnetic 
field.  These  changesareminute— ontheorder 
of  I  part  per  million* 
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MAONETOSTmCTIVE  FILTER  -  A  fUtOr 
notwork  which  uaea  tho  magnotoatrlcUw 
phenomona  to  form  hlgh-pass»  Iow-pa8S» 
bandpafl0|  or  band-ellmlnaUon  fUters.  The 
ImpecUnce  charactorlBtlc  la  the  Inverse  of 
that  of  ^  crystal. 

MACNETRON  -  An  electron  tubei  character^ 
Ized  by  the  interaction  of  olectrona  with 
the  electric  field  of  a  circuit  element  In 
crossed  steady  electric  and  magnetic  fields 
to  produce  AC  power  output.  It  is  used  to 
generate  high  power  output  in  the  UHFand 
SHF  bands. 


MATCHED  IMPEDANCE  -  A  load  Imped- 
ance placed  across  a  network  or  source  of 
energy  so  that  there  Is  either  a  maximum 
transfer  of  power  or  there  are  no  reflec- 
tions from  the  load. 

MATCHING  STUB  -  Device  placed  on  a 
radio-frequency  transmission  line  which 
varies  the  Impedance  of  the  line.  The  Imped- 
ance of  the  line  can  be  adjusted  in  this 
manner. 

MATCHING  TRANSFORMER  -  Transformer 
used  for  matching  puipoaes. 


MAJORITY  CARRIER  -  In  semiconductors 
the  type  of  carrier  constituting  more  than 
half  the  total  number  of  carriers.  The 
majority  carriers  may  be  either  holes  or 
electrons^  depending  on  the  construction  of 
the  semiconductor. 

MANMADE  INTERFERENCE  -  Any  electro* 
magnetic  interference  due  to  the  operation 
of  electrical  or  electronic  equlpmenti  but 
particularly  harmonic  or  spurious  signals 
from  RF  devlcesi  as  opposed  to  noise. 

MARCONI  ANTENNA  -  Antenna  system  of 
which  the  ground  Is  an  essential  part»  as 
distinguished  from  a  Hertz  antenna. 

MARKER  BEACON  *  A  transmitter  In  the 
aeronautical  radio  navigation  service  which 
radiates  vertically  a  distinctive  pattern  for 
providing  position  information  to  aircraft. 

MASER  *  See  MICROWAVE  AMPUHCA- 
TION  BY  STIMULATED  EMISSION  OF 
RADIATION. 

MASTER  OSCILLATOR  -(DOscUlatOrwfalch 
provides  or  controls  modulator-drlve  fre* 
quencles  for  a  number  of  channels  or  groups 
of  channels.  (2)  Oscillator  so  arranged  as 
to  establish  the  carrier  frequency  of  tbeout- 
put  of  an  amplifier. 

MASTER-OSCILLATOR  POWER  AMPU- 
FIER  -  Transmitter  using  an  oscillator 
followed  by  one  or  more  stages  of  RF 
amplification. 


MATRIX  -  In  electronic  computers:  Any 
logical  network  whose  configuration  is  a 
rectangular  array  of  intersections  of  its 
input-output  leadS|  with  elements  connected 
at  some  of  these  intersections.  The  net- 
work usually  (unctions  as  an  eiuoder  or 
decoder;  loosely^  any  encoder^  decoder^  or 
translator. 

MATTER  -  Any  physical  entity  which  pos- 
sesses mass. 

MAXWELL  -  Centimete  r*g ram* second 
electromagnetic  unit  of  magnetic  flux.  It  is 
equal  to  I  gauss  per  square  centlmeteri  or 
to  one  magnetic  line  of  force. 

MEDIUM  *  Meaxis  for  transmission  of  Intel* 
ligence  media;  e.g.|  radlo^  wire,  or  cable^ 
tropospherlc  scatter^  microwave. 

MEG  *  A  prefix  meaning  1  million,  used  in 
place  of  "mega**  when  preceding  a  vowel; 
e.g.|  "megohm.*' 

MEGA  -  Other  form  of  "meg.'*  A  prefU 
adopted  by  the  National  Bureau  of  Stand- 
ards meaning  1  million  or  10^. 

MEMORY  *  See  STORAGE. 

MERCURY  CELLS  -  Electrolyttc  cells  hav- 
ing mercury  cathodes  with  which  the  depos- 
ited alkali  metal  forms  an  amalgam. 
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McncuRy-vAPon  nEcainsit  -  a  r«cti* 

lUr  tub*  which  hu  hut  mtrcuty  ^odBi  to 
tb«  Mvelopii  Whan  hefttod  by  the  tlliuu«nt 
CTirreot,  tb«  marcury  inporitABf  and  this 
vapor  li  lonlxed  by  the  poiltlira  plate  VGlt- 
agei  Marcuty  vapor  rectlileri  have  a  low 
Internal  vtiUage  drop^  which  la  conatant 
and  not  depandent  on  the  current  paaaed  by 
the  tube. 

METER  -  (1)  Unit  of  length  in  the  metric 
ayatem  of  meaaurement.  One  meter  la  equal 
to  30i37  tncbea^  3.281  <aet,  or  1.004  yards 
In  EngUah  unlta  of  length.  (2)  Term  uaed 
to  dealgnate  any  type  of  meaaurlng  device 
Including  all  typea  of  electrical  meaaurlng 
Inatrumenta. 

MHO  -  Unit  of  conductance  or  admittance; 
the  reciprocal  of  the  obnu 

MICRO  *  Prefix  adopted  by  the  National 
Bureau  of  Standarda  noeanlng  0.000,001  or 
10"^;  aymtMl  m- 

MICROPHONE  -  An  electroacouatlc  trana- 
ducer  that  responds  to  sound  waves  and  de- 
livers essentially  equivalent  electric  waves. 

MICROPHONICS  *  Production  of  noiae  as  a 
result  of  magnetic  shock  or  vibration  In  a 
system  or  component. 

MICROWAVE  -  Term  looselyappUedto radio 
waves  In  the  frequency  range  lOOOmegabertx 
and  upwards.  It  generally  defines  operations 
In  the  region  wtiere  distrlbuted-constant 
circuits  enclosed  by  conducting  boundaries 
are  uaed  Instead  of  cooventlottal  lumped-* 
constant  circuit  components. 

MICROWAVE  AMPUnCAOlON  BY  STIM- 
ULATED EBOSaiON  OF  RADIATION  - 
(MASER)  Alow-noiae  radlo^frequency  ampli- 
fier. Emission  of  enarigy  stored  In  amoiecu- 
lar  or  atomic  system  by  a  microwave  power 
at^ply  ts  stimulated  by  the  input  signal. 

MICROWAVE  OSCILLATOR  -  An  RF  oscil- 
lator used  tu  generate  waves  In  the  mlcro* 
wave  regions.  Circuit  elements  are  usually 
of  the  distrlbuted-eonstant  type,  such  as 
cavUy  resonators.  Because  of  transmit  time 
In  the  frequency  of  Interest,  ordinary  lumped- 
constant  elemrats  cannot  t>e  used. 


MILLER  EFFECT  -  Inoreasa  In  the  etteo- 
tlve  grld-cathode  oapadtance  of  a  vacuum 
tube  due  to  the  chftrge  induced  electro- 
statically on  the  grid  by  the  plate  through 
the  grid-plate  capacltancSi 


MILU  *  PreUx  adopted  by  the  Natioiul 
Bureau  of  Standards  meaning  0.001  or  10*^. 

MINORITY  CARRIER  -  In  semiconductors, 
the  type  of  carrier  constituting  less  than 
half  of  the  total  number  of  carriers. 

MDCER  -  (1)  Device  ordinarily  conaiatlng 
of  one  or  more  potentiometers  for  com- 
bining the  audio-frequency  output  signals 
of  two  or  more  microphones,  or  ottier 
audio-frequency  signal  sources  In  any  de- 
sired proportion  at  the  input  of  a  main 
audio-frequency  amplifier.  (2)  Stage  In  ^ 
heterodyne  receiver  In  which  the  incoming 
algnal  ia  modulated  vrlth  the  algnal  from  the 
local  oscillator  to  produce  the  intermediate 
frequancy  signal.  (3)  Detector  In  a  supers 
hetero<4rne  receiver  In  which  there  is  Intro- 
duced a  heterodyne  frequency. 

MODE  -  (1)  One  of  several  types  of  electro* 
magnetic  wave  oscillation  that  may  be  sus- 
tained in  a  given  resonant  system*  Each 
type  of  vibration  is  designed  as  a  particular 
mode,  and  has  Its  own  particular  electric 
and  magnetic  field  configurations,  (S)  One 
of  several  methods  of  exciting  a  resonant 
system*  The  term  has  also  been  used  to 
describe  the  existence  of  a  number  of  dif- 
ferent input  vintages  which  allow  operation 
of  a  klystron  at  the  same  frequancy. 

UODE  OF  VIBRATION  -  MMe  of  vibration 
of  a  vlbratoiy  body  such  as  a  piezoelectric 
crystal  unit,  is  a  pattern  of  motion  of  the 
Individual  particles  due  to  stresses  applied 
to  the  txKly,  Its  properties,  and  the  bound- 
aiy  coodltiona.  Tliree  common  modes  of 
vibration  areflexural,extenslonal,andshear. 

MODULATION  -  The  process  In  which  the 
amplitude,  frequency^  or  phase  of  a  carrier 
wave  is  varied  with  time  in  accordance  vrlth 
the  wave  form  of  superimposed  intelligence. 
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MODULATION  ENVSLOPE  -  Cum  drawn 
through  thtf  peAki  of  a  graph  showing  tha 
wav0(orm  of  a  modulated  carrier  r«pr«aent-- 
Ing  the  waveform  of  the  Intelligence  carried 
by  the  elgnalt  The  modulation  envelope  la 
tho  Intelligence  waveform. 

MODULATION  FACTOR  ^  The  raUo  of  the 
peak  variation  actually  uaed  to  the  maxi- 
mum design  variation  In  a  given  type  of 
modulation.  NOTE:  In  conventional  ampli- 
tude modulation  the  maximum  design  varia- 
tion ie  considered  that  for  which  the  instan- 
taneous ampUtudj  of  the  modulated  wave 
reaches  zero* 

MOLECULAR  THEORY  OF  MAGNETISM  - 
Assumption  that  each  molecule  of  matter  Is 
a  separate  magnet  and  that  in  ferromagnetic 
materials  these  molecules  all  line  up  with 
their  magnetic  poles  pdntlog  In  the  same 
direction  when  the  material  is  magnetized. 

MONOdTABLE  -  Term  used  to  describe  a 
circuit  with  one  stable  state  and  one  quasi- 
staUle  state.  The  circuit  requires  an  ex* 
temal  trigger  to  perform  one  cycle* 

MOTORBOATINC  -  Oscillation  In  a  system 
or  component^  usually  manifested  by  a  suc- 
cession of  pulses  occurring  at  a  low-audio 
frequency* 

MOVING  TARGET  INDICATOR  -  A  device 
which  limits  the  display  of  radar  informa- 
tion primarily  to  moving  targets* 

MU  (^)  -  Permeability^  ampUHcatlon  tac- 
iOTf  preQx  micro* 

MU  FACTOR  *  Ratio  of  tha  change  In  one 
electrode  vtdtage  to  the  change  f  i  another 
electrode  vtdtage  under  the  conoitlDns  that 
a  specified  current  remains  unchanged  and 
that  all  other  electrode  voltages  are  main-- 
tained  constant  It  is  a  measure  of  tha  rela- 
tive effect  of  the  voltages  on  two  electrodes 
upon  the  current  In  the  circuit  of  any  spec- 
ified electrode. 

MULTIMETER  *  Stogie  test  instrument  hav- 
ing a  number  of  dUferent  ranges  for  meas- 
uring vtiltage^  current^  ami  resistance.  Also 
caUed  VOLT-OHM-MILLIMETER. 


MULTIELECTRODE  TUBS  -  An  electron 
tube  containing  more  than  three  electrodes 
associated  with  &  single  electron  stream^ 

MULTIPLEX  -  Equipment  or  tectinlque  of 
combining  multiple  Independent  channels^ 
voice  or  teletype^  into  s  complex  signal 
which  In  turn  is  transmitted  to  a  companion 
terminal  and  restored  to  individual  channels. 

MULTIPLIER  *  (1)  Resistance  usedlnserles 
with  a  voltmeter  to  permit  measurements 
of  higher  voltages  than  are  Indicated  on 
the  meter  scale.  (3)  Device  which  has  two 
or  more  inputs  and  whose  output  is  a  repre- 
sentation of  the  product  of  the  signed  magni- 
tudes represented  by  input  signals. 

MULTIUNTT  TUBE  -  Electron  tube  con- 
taining within  one  glass  or  metal  envelope 
two  or  more  groups  of  electrodes^  each 
associated  with  separate  electron  Mreams. 

MULTIVIBRATOR  -  Form  of  relaxation  os- 
cillator which  comprises  two  stages,  so 
coupled  that  the  ii^ut  of  each  me  is  derived 
from  tha  output  of  the  other.  A  multlvtbra^ 
tor  is  termed  ^'free-running''  or  '^driven,'* 
according  to  whether  its  frequency  is  dster^ 
mined  by  its  own  circuit  constants  or  by  an 
external  synchronizing  voltage. 

MUTING  CIRCUIT  *  (1)  Circuit  which  cuts 
off  tha  output  of  a  receiver  when  no  RF  car-- 
rler  greater  than  a  predetermined  Intensity 
is  reaching  tha  Itrst  detector.  {2}  Circuit 
for  making  a  receiver  insensitive  during 
operation  of  its  associated  transmitter. 

MUTUAL  CONDUCTANCE  -  The  change  In 
plate  current  of  a  vacuum  tube  divided  by 
the  change  In  grid  vtdtage  thai  causes  the 
change  In  plate  currenti  other  tube  element 
parameters  remaining  constant*  It  is  a  fig- 
ure of  merit  of  the  tube's  effectiveness  as 
an  ampUiler.  It  is  measured  In  mhos  and 
is  also  called  transconductance. 

MUTUAL  INDUCTANCE  -  Conmum  property 
of  two  associated  electric  circuits  which 
determines^  for  a  given  rate  of  change  of 
current  In  one  of  the  circuits^  the  electron- 
motive  force  induced  In  the  other. 
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NAND*OATB  *  Clroutt  wUch  Uiwrti  tht 
normal  output  of  an  AND«ciroutt;  a  Not- 
s.^  AND-clrcult# 

NANO  -  A  prefix  tuad  with  a  baaic  uiUt 
of  meuura  to  iiuUcata  that  the  unit  li  lO**'* 

NEOAOIVE  -  (l)  Tarmlnal  or  atactrode 
having  more  olactronfl  than  normal*  Elac- 
trona  flow  out  of  the  negaUve  tarmlnal  of 
a  vottage  aourca*  pealgnatlon  uaed  to  dee- 
crlbe  an  pppoaita  character  to  poslUve«  m 
In  negative  reslstancei  negative  tranamle* 
eion,  negative  feedbacki  etc# 

NEGATIVE  FEEDBACK  *  (1)  Electron-tube 
circuit  in  which  a  signal  tad  back  from  the 
Plata  to  the  grid  circuit  le  160*  out  of  phaee 
with  the  Input  algnal«  resulting  in  a  decrease 
in  amplification^  but  a  reduction  in  dis- 
tortion. (2)  Feedback  from  a  hlgh«lavel  point 
to  a  low-la  vel  point  of  an  ampUfler  so 
phased  as  to  reduce  the  net  gain  of  the 
ampUilan 

NEGATIVE  BESISTANCE  -  TermaroU«dto 
the  characteristic  of  a  circuit  or  devlca  In 
which  current  Increases  when  the  voltage 
is  decreased. 

NEGATIVE  TEMPERATURE  COEFFI- 
CIENT *  Temperature  coefficient  express- 
ing the  amount  of  reduction  in  the  value  of 
a  quantity*  such  as  resistance  for  aach 
dagrea  of  increase  in  temperature* 

NEUTRAL  ^  In  a  normal  condition,  hence 
neither  positive  &or  negative*  A  neutral 
object  has  a  normal  number  of  electrons* 

NEUTRALIZE  *-  (1)  To  counteract  an^  force 
to  attain  a  neutral  condition.  (3)  Process  of 
nuimying  the  voltage  fed  back  through  the 
interelectrode  capacitance  of  an  amplifier, 
by  providing  an  equal  voltage  of  opposite 
phase* 

NEUTRAUZING  CIRCUIT  -  Portion  of  an 
ampUiler  circuit  which  provides  an  inten- 
tional feedback  to  cancel  the  effects  of  re- 
active feedback* 
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NODES  *  Points,  llnsi  or  surfaces  of  a 
stationary  wave  system  which  have  a  aero 
amplitude,  NOTBi  There  are  different  types 
of  nodeS|  such  as  pressure  nodes  or  velo* 
city'  nodes,  and  hencep  the  type  must  be 
specified. 

NOISE  -  (1 )  Undeslred  sound.  By  extension, 
aiqr  tmwanted  disturbance  within  a  useful 
frequency  band  such  as  undeslred  electric 
waves  in  any  transmission  channel  or  device* 
(2)  UninteUiglble  signals  in  a  communica- 
tion system  which  tfind  to  interfere  with 
propar  perception  of  the  desired  eignals  or 
speech^  (3)  Unwanted  energy  (or  the  voltage 
produced)*  usually  of  random character^pre- 
sent  in  a  transmission  system  due  to  any 
causes. 

NOISE  UMITER  *  A  circuit  that  cuts  oft 
all  noise  peaks  that  are  stronger  than  the 
highest  peak  in  the  desired  etgnal  that  is 
being  received,  therehy  preventing  loud, 
crashing  noises  due  to  strong  atmospheric 
or  manmade  Interference* 

NONUNEAR  -  A  resp<mse  which  is  other 
than  directly  or  inversely  proportional  to  a 
given  variable* 

NONRESONANT  LINE  *  Transmission  line 
having  no  reflected  waves  and  neither  cur- 
rent nor  voltage  standing  waves* 

NOR-GATE  -  Circuit  which  inverts  the 
normal  output  of  an  OR-gate;  Nbt-OR-gate* 

NPN  SEMICONDUCTOR  -  A  double  junction 
formed  hy  sandwiching  a  thin  sUce  of  P-type 
material  between  two  layers  of  N-type  mate- 
rial of  a  semiconductor* 


NPN  TRANSISTOR  -  A  transistor  which 
consists  of  a  thin  slice  of  P-type  semi- 
conductor material  sandwiched  between  two 
layers  of  N-type  semiconductor  material, 

NPIN  TRANSISTOR  -  An  NPN  transistor 
which  has  had  a  layer  of  high  purity  ger- 
manium placed  between  the  base  awl  col- 
lector to  extend  the  freqwncy  range. 
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N-TYPE  SEMICONDUCTOR  -  An  oxtriiulc 
semlcotuhtctor  In  which  the  conduction  elec- 
tron denalty  exceeds  the  hole  daiulty.  NOTE: 
It  IB  implied  that  the  net  lonixed  impurity 
concentration  ifl  donor  type. 


NUCLEUS  -  Central  part  of  the  atom  ^ch 
makae  up  moet  of  the  weight  of  the  atom. 
An  atomic  nucleue  Ib  made  vp  of  two  kinds 
of  fundamental  partlclee^  protona«  and  neu- 
trons. It  has  a  positive  charge  equal  to  the 
number  of  protons  It  contains. 


NULL  ^  Minimum  or  xero  value  of  current 
in  an  electrical  circuit. 


OCTAL  BASE  •  Tube  base  having  a  central 
aligning  key  and  positioned  for  eight  equally 
Spaced  pins.  Pins  not  needed  for  apartlcular 
tube  are  omitted  without  changing  the  posi* 
tion  of  the  remaining  pins. 


OEHSTED  -  Unit  of  magnetic  field  strength 
(magnetic  intensity^  magnetizing  force)  H 
in  centlmeter-gram-second  electromagnetic 
system.  At  aiqr  point  in  a  vacuum^  the  value 
of  the  magnetic  intensity  in  oersteds  Is 
equal  to  the  force  In  (tynes  exf^rted  on  a  unit 
magnetic  pole  placed  at  that  point. 


OHM  -  The  unit  of  electrical  resistance. 
It  is  that  value  of  electrical  resistance 
through  which  a  constant  potential  difference 
of  1  volt  across  the  resistance  wiU  main* 
tain  a  current  flow  of  1  ampere  through 
the  resistance. 


OHMIC  VALUE  -  Resistance  in  ohms. 

OHMMETER  *  Instirument  for  measuring 
electric  resistance. 

OHMMETER  ZERO  ADJUSTMENT  -  Poten- 
tiometer or  other  means  provided  to  com- 
pensate for  the  reduction  of  battery  voltage 
with  age  In  an  ohmmeter. 


OHM'S  LAW  -  The  current  in  an  electric 
circuit  is  directly  proportional  to  the  elec» 
tromotlve  force  in  the  circuit.  It  is  the 
fundamental  law  of  electrical  circuits  and 
is  true  of  all  metallic  circuits  and  moat 
circuits  containing  an  electrolyte  resistance. 
The  most  common  form  of  the  law  Is  E  »  ]R^ 
where  E  is  the  electromotive  force  or  voIt-» 
age  across  the  circuit,  I  is  the  current  flow-^ 
ing  In  the  circuit,  and  R  is  the  resistance 
of  the  circuit. 

OHMS  PER  VOLT  -  Sensitivity  rating  for 
measuring  instruments,  obtained  by  dividing 
the  resistance  of  the  instrument  in  ohms  at 
a  particular  range  by  the  (ull<*scale  voltage 
value  at  that  range.  The  higher  the  ohniB- 
per-volt  rating,  the  greater  the  sensitivity. 


OPEN  CIRCUIT  -  (1)  Condition  of  an  elec- 
trical circuit  caused  by  the  breaking  of 
continuity  of  one  or  more  conductors  of 
the  circuit;  usually  an  undeslred  condition* 

(2)  Arrangement  of  conductors  and  equlp- 
nient  that  depends  upon  lack  of  continuity 
for  operation;  as  open-circuit  telegraphy. 

(3)  Circuit  which  does  not  provide  a  com- 
plete path  for  the  flow  of  current. 

OPERATING  POINT  The  pdnt  on  a  family 
of  characteristic  curves  of  a  vacuum  tube 
or  transistor  where  the  coordinates  of  the 
point  represent  the  instantaneous  values  of 
the  electrode  voltages  and  currents  for 
the  operating  conditions  under  study  or 
consideration. 

OPHMUM  coupling  -  Degree  of  coupling 
that  provides  maximum  transfer  of  signal 
energy  at  a  given  resonant  frequency  from 
one  radio-frequency  circuit  to  another. 

OR-CIRCUIT  -  In  computers,  a  circuit  or 
device  whose  output  is  energisoed  when  one 
or  more  of  the  inputs  is  in  its  prescribed 
state.  Also  caUed  OR-gate.  An  OR-drcult 
performs  the  function  of  the  logical  ^^OR/' 

ORIENT  -  Rotate  or  otherwise  adjust  with 
respect  to  some  reference. 
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OSCILLATOR  -  (1)  Electronic  device  which 
gineratee  altenmtlnc-curront  power  at  a 
frequency  determined  by  the  values  ol  certain 
conetanttf  In  iti  clrculti.  An  cidUator  may 
be  eofifldered  an  amplifier  with  positive 
feedback  with  circuit  parameters  that  restrict 
the  oscillations  of  the  device  to  a  single 
frequency.  (3)  Nonrotatlng  device  which  Is 
capatde  of  setting  up  and  maintaining  oecll* 
latlORS  at  a  frequency  determined  by  the 
physical  constants  of  the  system^  euch  as 
a  vacuum-tube^  spark,  or  arc  generator. 
(3)  Circuit  generally  using  a  transistor 
capable  of  convertlq;  direct  current  Into 
alternating  current  of  afrequency  determined 
by  the  Inductive  and  capacltlve  constants  of 
the  circuit.  (4)  Device  used  to  gCMrate  and 
repetltlously  oscillate  at  radio  frequencies. 

OSCILLATORY  CIBCUIT  -  Circuit  contain- 
ing Inductance  and/or  capacitance,  and  re-> 
ststance,  so  connected  that  a  voltage  Impulse 
will  produce  an  output  current  wtdch  peri- 
odically reverses  polarity. 

OSCILLOSCOPE  -  Ihstniment  which  makes 
possttde  the  visual  Inspection  of  the  wsive* 
form  of  rapidly  varying  quantities.  It  con-> 
slsts.  In  general,  of  three  parts;  an  ampU* 
fler,  time-base  generating  circuits,  and  a 
cathode-ray  tube  for  translation  of  electri- 
cal energy  Into  light  energy. 

OUT-OF-PHASE  -  Having  vaveforms  that 
are  of  the  same  ahape  butdonotpass  through 
corresponding  values  at  the  eame  instants. 

OUTPUT  -  (l)  Current,  vdtage,  power,  or 
driving  force  delivered  by  a  circuit  or 
device.  (2)  Terminals  or  other  places  where 
c\irrent,  voltage,  power  or  driving  force 
may  l>o  delivered  by  a  circuit  or  device. 
(3)  In  computers.  Information  transferred 
from  internal  storage  to  external  storage. 

OUTPUT  IMPEDANCE  -  Impedance  pr^^ 
sented  by  a  device  to  the  load. 

OUTPUT  METER-AItematlng^current volt- 
meter connected  to  the  output  of  a  receiver 
or  amplifier  in  order  to  measure  out^nit 
signal  strength. 


OVERDRIVEN  AMPLIFIER  -  Amplifier stage 
which  Is  designed  to  distort  the  Input  signal 
waveform  hy  permltUiig  the  signal  to  drive 
the  stage  Iwyond  cutoff  and/or  saturation^ 

OVERLOAD  (1)  la  electronics,  that  quan* 
tlty  of  power  from  <ui  amplifier  or  other 
component  or  from  a  whole  transmission 
system  which  Is  iufttclent  to  produce  un* 
wanted  waveform  distortion*  (2)  Load  greater 
than  the  rated  load  of  an  electric  device. 

OVERTONE  -  One  of  the  frequencies.  In 
addition  to  the  lowest  frequency,  with  whieh 
a  vibrating  tXKly  or  system  can  freely  oscil- 
late. 

OVERTONE  TYPE  PIEZOELECTRIC  CRTS* 
TAL  UNIT  -  Crystal  unit  designed  to  utilize 
sn  overtone  of  the  fundamental  frequency  of 
resonance  for  a  particular  modeof  vibration* 

OXIDE  •  Element  combined  with  oxygen* 
Rust  Is  an  oxide  of  lron« 

PADDER  CAPACITOR  -  Adjustable  capacl^ 
tor  used  in  conjunction  with  a  main  tuning 
capacitor  when  ganged  tuning  of  several 
stages  Is  employed.  Its  purpose  Is  to  permit 
a41u8tments  for  proper  tracking  of  a  local 
oscillator. 

PARALLEL  CIRCUIT  •  Two  or  more  elec- 
trical devices  connected  to  the  same  pair  of 
terminals  so  separate  currents  flow  through 
each;  electrons  have  more  than  one  path  to 
travel  from  the  negative  to  the  positive 
terminal. 

PARALLEL-RESONANT  CIRCUIT  -  (l)Res* 
onant  circuit  In  which  the  applied  voltage  Is 
connected  across  a  parallel  circuit  formed 
by  a  capacitor  and  an  inductor.  (2)  Induc- 
tor and  capacitor  connected  In  parallel  to 
furnish  a  high  Impedance  at  the  frequency 
to  which  the  circuit  Is  resonant* 

PARAMAGNEITC  -  Having  a  magnetic  per- 
meability greater  than  that  of  a  vacuum 
and  essentially  independent  of  the  magnetize 
Ing  force.  In  ferromagnetic  materials^  the 
permeability  varies  with  the  magnetizing 
force. 
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PARAMETER  -  (l)  Qm  of  the  conftanta 
entering  into  ft  funcllonal  equallon,  and  cor- 
responding to  iomectumcterietlc  propertVi 
dimension,  or  degree  of  freedom.  (S)  One 
of  the  reslstancei  Inductance,  muttial  Induct^- 
ance,  or  capacitance  values  involved  In  a 
circuit  or  network* 


PARAMETtUC  AMPUHER  -  A  eolld  State 
ampllCler  used  for  amplltlcallon  of  radio 
frequencies.  A  parametric  amplifier  uses 
especially  constructed  semlconAictor  diodes 
with  a  source  of  power  supplied  tqr  a  high- 
frequency  osclUator,  rather  than  the  normal 
DC  power  source.  The  powersource  Is  called 
a  "pump^^  and  must  be  extremely  stable. 
The  pump  Is  fixed  In  frequency  and  must 
operate  at  a  frequency  at  least  twice  as 
high  as  the  one  to  be  amplified.  Liquid 
nitrogen  is  used  as  a  coolant  to  reduce 
thermal  noise,  and  the  spatial  motion  of 
the  electrons  through  the  semiconductor 
further  reduces  noise. 


PARAPHASE  AMPLIFIER  -  Amplifier 
which  converts  a  single  input  into  two  out- 
puts^ which  are  equal  in  magnitude  and 
opposite  in  polarity  (or  phase). 

PARASITE  -  Current  in  a  circuit,  due  to 
some  unintentional  cause^  such  as  inequali- 
ties of  temperature  or  of  composition; 
particularly  troublesome  in  electrical 
measurements. 

PARASITIC  OSCILLATION  -  (1)  Undeslred, 
self-sustaining  oscillations  at  a  frequency 
different  from  the  operating  frequency^  OC'^ 
curring  chiefly  in  vacuum-tube  circuits. 
(2)  Any  unwanted  oscillation  in  an  oscil- 
lator or  amplifier  stage. 


PARASmC  SUPPRESSOR  -  A  device  con- 
nected in  a  circuit  for  the  purpose  of 
suppression  of  parasitic  oscillations. 


FART  -  In  electronics,  a  mechanical  unit 
which  cannot  readily  be  subdivided  such  as 
a  tube,  a  resistor,  an  RF  coll,  etc.  Assem* 
bled  parts  make  up  a  component. 

PATCH  CORD  -  Cord«  terminated  on  each 
end  with  a  plug,  which  Is  used  In  patching 
between  circuit  terminated  in  Jacks. 

PEAK  -  Maximum  Instantaneous  value  of  an 
alternating  quantity. 

PEAK  ENVELOPE  POWER  OF  A  RADIO 
TRANSMITTER  -  The  average  power  sup- 
plied to  the  antenna  transmission  line  by 
a  transmitter  during  one  radio  frequency 
cycle  at  the  highest  crest  of  the  modulation 
envelope,  taken  under  conditions  of  normal 
operation. 

PEAKING  NETWORK  -  Type  Of  Interstage 
coupling  network  in  which  an  Inductance  is 
effectively  in  series  (series-peaking  net- 
work), or  in  shunt  (shunt-pealdng  network) 
with  the  paraslUc  capacitance  tolncreasethe 
amplification  at  the  upper  end  of  the  fre- 
quency range. 

PEAK  INVERSE  VOLTAGE  -  The  maximum 
Instantaneous  anode^to-catbode  voltage  in 
the  reverse  direction  which  is  actually  ap- 
plied to  the  diode  in  an  operating  circuit. 
NOTE:  This  is  an  application  term  not  to 
be  confused  with  breakdown  voltage  which 
is  a  property  of  the  device. 

PEAK  POWER  OUTPUT  •  (l)  In  a  modu- 
lated carrier  system^  the  output  power, 
averaged  over  a  carrier  cycle^  at  the  maxl* 
mum  amplitude  which  can  occur  with  any 
combination  of  signals  to  be  transmitted. 
(2)  Maximum  value  of  the  transmitted  pulse 
In  a  pulse  radar  system. 

PEAK^TO-PEAK  AMPLITUDE  -  Amplitude 
of  an  alternating  quantity  measured  from 
positive  peak  to  negative  pealc 

PELTIER  EFFECT  -  When  a  current  flows 
across  the  Jimction  of  two  dissimilar  metals^ 
it  causes  either  an  absorpti^i  or  liberation 
of  heat,  depending  on  the  direction  of  the 
current^  at  a  rate  proportional  to  the  first 
power  of  the  current. 
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PCNTAORID  -  Pentagrid  tube  uMd  u  a 
converter  In  ft  luperhetarodyne  receiver. 

PENTAORID  TUB&  *  Tube  haYlng  ilve  grids. 

PENTODE  -  Flve-electfode  vacuum  tube 
containing  an  anode,  a  cathode,  a  control 
grid«  and  two  additional  electrodes  ordinarily 
lii  tfatt  the  nature  of  grids^ 

PENTODE  TRANSISTOR  -  A  polnt-contact 
tranelator  withfour-polnt'^contactelectrodea. 
The  body  aerves  as  a  base  yAth  three 
emitters  and  one  collector. 

PERCENTAOE  MODULATION  «  (1)  In  am- 
plitude modulation,  the  ratio  of  half  the  dif* 
ference  between  the  maximum  and  minimum 
amplitudes  of  an  amplitudei  expressed  In 
percent.  (3)  In  frequency  modulation,  the 
ratio  of  the  actual  frequency  swing  to  the 
frequency  swing  required  for  lOO  percent 
modulation,  expressed  In  percentage.  (3)The 
modulation  factor  multiplied  by  100  to  ex-- 
press  It  as  a  percentage.  (4)  In  FCC  regula- 
tions, the  term  "percentage  modulation'' 
as  applied  to  frequency  modulation  means 
the  ratio  of  the  actual  frequency  swing  to 
the  frequency  swing  defined  as  100  percent 
modulation,  expressed  In  percentage.  For 
FM  broadcast  stations  a  frequency  swing  of 
^7Skc  Is  defined  as  100  percent  modulation* 

PERMANENT  MAGNET  -  Piece  of  hardened 
steel  or  other  magnetic  material  that  has 
been  strongly  magnetized  and  retains  its 
magnetism  indefinitely. 

PERMEABILITY  -  Measure  of  the  ability  of 
a  material  to  act  as  a  path  for  magr^c 
lines  of  force. 

PERMEABIUTY  TUNING  -  Process  of  tun- 
ing a  resonant  circuit  by  varying  the  per^ 
meability  of  an  inducton  It  is  usually  accom- 
plished by  varying  the  amount  of  magnetic 
core  material  of  the  inductor  by  slug 
movement* 

PERSISTENCE  -  Measure  of  the  length  of 
time  during  which  phosphorescent  light  is 
emitted  from  the  screen  of  a  cathode-r^Qr 
tube. 


PUANTASTRON  -  An  electronic  circuit  of 
the  multivibrator  type  which  is  normally 
used  in  the  monostable  form.  It  is  a  stable 
trigger  generator  in' this  connection,  and  is 
used  In  radar  systems  for  gating  functions 
and  sweep  delay  functions* 

PHASE  -  (1)  Position  of  a  wave  relative  to 
the  beginning  of  any  electrical  or  mechani- 
cal wmve.  Usually  expressed  in  degrees  of 
an  anglei  the  complete  cycle  being  360*. 
(S)  Phase  of  a  periodic  quantity,  for  a 
particular  value  of  the  Independent  variable, 
is  the  fractional  part  of  a  period  through 
which  the  Independent  variable  hasadvanced« 
measured  from  an  arbitrary  origin.  In  tlte 
case  of  a  simple  sinusoidal  quantity,  the 
origin  is  usually  taken  as  the  last  previous 
passage  through  zero  from  the  negative  to 
positive  direction.  The  origin  is  generally 
so  chosen  that  tlte  fraction  is  less  than 
unity. 

PHASE  ANGLE,CURRENTTRANSFORMER- 
QI  a  current  transformer  angle  between  the 
primary  current  vector  and  the  secondary 
current  vector  reversed.  This  angle  is  con- 
veniently considered  as  positive  when  tlte 
reversed  secondary  current  vector  leads 
the  primary  current  vector. 

PHASE  ANGLE,  POTENTIAL  TRANS* 
FORMER  -  Of  a  voltage  transformer,  angle 
between  the  primary  voltage  vector  and 
the  secondary  voltage  vector  reversed.  This 
angle  is  conveniently  c<msidered  as  posi- 
tive when  the  reversed  secondary  voltage 
vector  leads  the  primary  voltage  vector. 

PHASE  DIFFERENCE  -  Time  in  electrical 
degrees  by  which  one  wave  leads  or  lags 
another. 

PHASE  DISTORTION  -  (1)  Lack  of  direct 
proportionality  of  phase  shift  to  frequency 
over  the  fr^^queney  range  required  for  trans- 
mission; or  the  effect  of  such  departure  on 
a  transmitted  signal,  (2)  Impalrmen  of  fidel- 
ity due  to  nonlinear  phase  characteristics 
which  cause  '/arlous  frequenclesof  anapplied 
waveform  to  be  delayed  disproportionately. 
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PHASE  INVERSION  -  Phfuio  dltferonce  of 
ISO"^  between  two  sine  wavea  of  the  same 
frequency. 

PHASE  INVFRTCn  -  A  stage  In  an  anipU- 
flor  or  other  circuit  whoso  chief  function 
Is  to  change  the  phase  of  a  sine  wave 
signal  by  180''. 

PUASE  SHIFT  -  Change  In  the  phase  of  a 
sinusoidal  wave.  Expressed  In degreeseltber 
leading  or  lagging. 

PHASE^SHIFT  OSCILLATOR  *  Oscillator 
produced  by  connecting,  between  the  out- 
put and  thti  Input  of  an  amplifier^  a  network 
having  a  phase  shift  of  an  odd  multiple  of 
IdO"*  per  amplifier  stage  at  the  frequency 
of  oscillation. 

PHASE  SPUTTER  '  (l)  Device  which  pro- 
duces^ from  a  single  Input  wave,  two  or 
more  output  waves  which  differ  In  polarity 
(phase)  from  one  another.  (2)  In  color  tele- 
vision, the  stage  which  takes  1  and  Q  signals 
from  demodulators  and  produces  four  signals^ 
positive  and  negative  1  and  Q. 

PHOTOELECTRIC  CELL  -  General  term 
applying  to  any  cell  whose  electrical  pro- 
perties are  affected  by  Illumination,  such  as 
photovoltaic  or  photoconductlve  cells. 

PHOTOSENSITIVE  -  Capable  of  emitting 
electrons  when  illuminated  by  light  rays. 

PICO  *  A  prefix  adopted  by  the  National 
Bureau  of  Standards  meaning  KT^^. 

PIEZOELECTRIC  EFFECT  -  (l)  That  pro- 
perty of  certain  natural  and  synthetic  crys- 
tals by  which  they  are  mechanically  deformed 
under  the  influence  ot  an  electric  Held. 
(2)  Effect  of  producing  a  voltage  bypl^lng 
a  stress^  either  by  compression^  expansion, 
or  twisting,  on  a  crystal  and,  conversely, 
producing  a  stress  in  a  crystal  by  applying 
a  voltage  to  it. 

PI  NETWORK  -  Network  of  three  imped- 
ances, two  across  the  line  and  the  third 
Inserted  in  one  line  between  the  first  two. 
Connected  in  a  manner  resembling  the  Creek 
letter  rr. 
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PLATE  -  (1)  Principal  anode  in  an  elec- 
tron tube.  (2)  One  of  the  conductive  elec- 
trodes in  a  capacitor.  (3)  One  of  the  elec- 
trodes In  a  storage  battery. 

PLATE  CHARACTERISTIC  -  Graph  plotted 
to  show  how  the  plate  current  of  a  vacuum 
tube  Is  affected      changes  in  plate  voltage. 

PLATE  CIRCUIT  -  Complete  external  elec- 
trical circuit  connected  between  the  plate 
and  the  cathode  of  an  electron  tube. 

PLATE  CURRENT  -  Electron  flow  from 
the  cathode  to  the  plate  inside  a  vacuum 
tube. 

PLATE  MODULATION  -  Modulation  pro- 
duced by  application  of  modulating  vdltage 
to  the  plate  of  any  tube  in  which  the  car* 
rier  is  present. 

PLATE  SATURATION  -  Condition  In  which 
the  plate  current  of  a  vacuum  tube  cannot 
be  further  Increased  by  increasing  the  plate 
voltage. 

PLATE  VOLTAGE  -  Direct^current  volt- 
age that  exists  between  the  plate  and  cath*- 
ode  of  a  vacuum  tube. 

PNIP  TRANSISTOR  -  A  PNP  transistor 
which  will  operate  in  high -frequency  ranges. 
A  layer  of  high  purity  germanium  is  placed 
between  the  base  and  collector  to  extend  the 
frequency  range. 

PNP  TRANSISTOR  -  A  junction  transistor 
formed  by  a  slice  of  N-type  semiconductor 
between  two  layers  of  P-type  semiconductor. 
Amplification  is  by  means  of  hole  conduction. 

POLARITY  -  (1)  Condition  in  an  electrical 
circuit  by  which  the  direction  of  the  flow 
of  current  can  be  determined.  Usually  ap- 
plied to  batteries  and  otber  direct  voltage 
sources.  (2)  Two  opposite  charges,  one 
positive  and  one  negative.  (3)  QuaUty  of 
having  two  opposite  magiitetlc  poles^  one 
north  and  the  other  south. 
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POLARIZED  PLUG  -  Plug  which  Ifl  so 
conftnictad  that  It  can  bo  Iwrtad  Into  a 
Jack  or  recfptacto  In  only  one  position* 

POLE  PIECE  Pl«c«  of  f§rromagn«tlc 
material  fOrmlng  one  end  of  a  magnet  and 
ihaped  so  as  to  control  the  distribution 
of  the  magnetic  flux  In  ths  adjacent  medium* 

POBmVE  -  Terminal  or  electrode  having 
a  deflclency  of  electrons  or  {Kdnt  to  which 
electrons  are  attracted, 

POSITIVE  CHARGE  -  Coadltlon  existing  in 
a  bodf  having  fewer  electrons  than  normal. 


POTENnOMETEB  *  (1)  An  Instrument  for 
measuring  an  unknown  electromotive  farce 
or  potential  dUference  bjr  balandnglt^wboUy 
or  In  part,  by  a  known  potential  dlfteraiwe 
produced  bjr  the  flow  of  known  currants  In 
a  network  of  circuits  of  known  electrical 
constants,  (2)  A  3-termlnal  rheostat^  or 
a  resistor  with  one  or  more  sliding  con* 
tactSf  which  functions  as  an  adjustable  volt- 
age divider, 

POWDERED  IRON  CORE  -  Core  consisting 
of  fine  particles  of  magnetic  material^  ml»d» 
insulated  from  «ach  other^  and  pressed  Into 
shape. 


POSITIVE  FEEDBACK  -  Process  by  wUch 
a  part  of  the  power  In  the  output  circuit 
of  an  amplifying  device  reacts  upon  the 
input  circuit  in  such  a  manner  as  to  rein- 
force the  initial  power,  thereby  increasing 
the  ampUflcatlon* 

POSITIVE  TEMPERATURE  COEFHCIENT* 
Characteristic  of  a  device  or  stibetance  in 
which  the  resistance  of  asubstaiic«  Increases 
when  temperature  increases* 

POTENTIAL  *  DUXerence  in  voltage  between 
two  points  of  a  circuit;  freqcuenUy  one  is 
assumed  to  be  ground  (zero  potential).  Gen- 
erally expressed  in  vcdts, 

POTENTIAL  BARRIEII  -  Region  in  Which 
the  electrical  potential  is  such  that  moving 
electric  charges  attempting  to  pass  through 
it  encounter  opposition  and  may  be  turned 
back. 

POTENTIAL  DIFFERENCE  -  (1)  Algebraic 
difference  between  the  individual  potentials 
of  two  points,  (2)  Voltage  existing  between 
two  points. 


POWER  *  (1)  Time  rate  of  doing  wofic  or 
expending  energy,  tn  electrical  systems^  the 
basic  unit  Is  the  watt,  (2)  Lens  power  Is  a 
measure  of  ability  to  bend  or  refract  light 
(3)  Ih  a  DC  circuit,  the  power  in  watts 
equals  vdlts  multiplied  by  amperes* 

POWER  AMPLIFICATION  *  Process  of  am- 
plifying a  signal  to  produce  a  gain  In  power 
as  distinguished  from  voltage  ampliUcatioiL 
The  gain  Is  the  ratio  of  the  alternatlngpower 
output  to  the  alternating  power  liq»ut  of  an 
amplifier, 

POWER  FACTOR  -  Ratio  of  the  true  power 
of  an  altenuting  or  pulsating  current,  as 
measured  by  a  wattmeter,  to  the  apparent 
power,  asindlcatedby ammeterandvcdtmeter 
readings;  the  ratio  of  resistance  to  Impede 
ance,  and  therefore,  a  measure  of  the  loss 
in  an  inductor,  capacitor,  or  insulator;  andthe 
cosine  of  the  phase  angle  between  a  sinus- 
oidal vcdtage  to  a  load  and  the  current  pass- 
ing through  it.  (Sometimes  the  cosine  Is 
multiplied  by  100  and  expressed  as  a 
percentage,) 


POTENTIAL  ENERGY  -  Of  a  body  or  of  a 
system  of  bodies  in  a  given  configuration^ 
the  work  reqtiired  to  bring  the  system  ttom 
an  arfaltiarlly  chosen  reference  configura- 
tion to  the  given  configuration  without  change 
In  the  kinetic  energy  of  the  system. 


POWER  GAIN  -  Ratio  of  output  power  of 
a  stage  to  input  power.  The  gain  is  usually 
expressed  in  decibels.  The  operating  cm* 
dltlons  are  specified  and  12  either  the  input 
or  output  has  more  than  one  componentj 
then  the  components  and  the  welgUs  as- 
signed ehffiild  be  specified. 
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POWER  SUPPLY  -  (1)  ScmrM  of  electrical 
eMrgy  re(iulr«d  for  communication  opora* 
tlOM.  (S)  Source  of  current  UMd  to  baat 
the  fllamefit  of  an  electron  tube.  (3)  Power 
supply  that  fumlahea  DC  voltages  re<julred 
by  the  electrodes  of  vacuum  tubes.  (4)P<mer 
supply  that  furnishes  the  steady  voLtage 
required  by  the  electrodes  of  transistors. 

POWER  TRANSFORMER^Transformerused 
to  change  a  stq>p!y  vdtage  to  the  various 
higher  and  lower  values  required 

PRESELECTOR  -  Device^  placed  ahead  of  a 
frequency  converter  or  other  device^  which 
parses  signals  of  desired  frequencies  and 
reduces  others. 

PRESSUmZAOlON  -  Process  of  surrounding 
the  critical  parts  of  equipment  designed  for 
blgh-altltude  operation  with  desiccated  air 
or  an  inert  gas  under  elevated  pressure 
(about  S  pounds  per  square  inch  atsealevel)i 
for  the  piirpose  of  avoiding  breakdowns  which 
might  result  from  the  impairment  of  the 
instilatlng  properties  of  air  at  reduced 
pressure 

PRIMARY  -  (l)  Transformer  winding  which 
receiveienergy  from  a  supply  circuit.  (2)Blgh 
voltage  conductors  of  a  power  distribution 
system. 

PRIMARY  CURRENT  *  Current  flowing 
through  the  primary  winding  ofatranaformer. 

PRIMARY  EMISSION  -  Emission  of  elec- 
trons due  to  primary  causes^  euch  as  heat* 
ing  of  a  cathode^  and  nottosecondary  etfects^ 
such  as  electron  bombardment 

PRIMARY  VOLTAGE  -  Voltage  appUed  to 
the  termioals  of  the  primary  winding  of  a 
transformer. 

PRINTED  CIRCUIT  -  A  circuit  formed  by 
depositing  conducting  material  on  the  sur-^ 
face  of  aninsulatedsheet  Circuit  components 
such  as  wiring^  resistance^  capacitances^ 
inductors^  etc.^  are  etched  on  the  sheet 
by  various  processes. 

PROPAGATION  -  (I)  In  electrical  pracUce, 
the  travel  of  waves  through  or  along  a 
medium.  (2)  Traveling  of  a  wave  along  a 
transmission  path.  (3)  Travel  of  electro-- 
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magnetic  waves  or  sound  waves  through  a 
medium.  Propagation  does  not  refer  to  the 

flow  of  current  in  the  ordinary  sense. 

/ 

PROTON  »  Positive  particle  in  ah  atom. 
The  smallest  quantity  of  positive  eiectrlcity 
that  can  exist  in  a  free  state. 

P-TY?B  SEMICONDUCTOR  -  An  extrinsic 
semiconductor  in  which  the  mobile  hole 
concentration  exceeds  the  conduction  electron 
concentration.  It  is  lixq)lled  that  the  net 
ionized  Impurity  concentration  is  acceptor 
type. 

P+  TYPE  SEMICONDUCTOR  -  A  P-type 
semiconductor  in  which  the  excess  mobile 
hole  concentration  is  very  large. 

PULUNG  FREQUENCY  -  Tendency  of  any 
load  to  change  the  frequency  of  an  oscillator. 

PULSATING  CURRENT  *  Nonuniform  or 
varying  electron  now,  the  variations  of 
which  take  place  at  regular  periods  of  time 
and  may  or  may  not  include  reversals  of 
the  direction  of  electron  flow.  There  is  usu- 
ally an  electron  drift'  in  one  direction, 

PULSATING  VOLTAGE  -  Varying  yoltage, 
the  variations  of  which  take  place  during 
regular  periods  of  time  and  may  or  nuy 
not  include  reversal  of  polarity.  When  ap- 
plied to  a  conductor^  a  pulsating  voltage 
causes  an  electron  flow  such  that  the  average 
electron  displacement  is  not  xero^  and  there 
is  an  average  electron  drift  in  one  direction, 

PULSE  -  (1)  A  brief  excursion  of  a  cpiantlty 
from  oormaL  (2)  Signal  characterized  by 
the  rlee  and  decay  in  time  of  a  quantity^ 
the  value  of  wttich  Is  normally  constant, 
(3)  In  radiOf  surge  of  electrical  energy  of 
short  duration,  (4)  Vcdtage  level  of  short 
duration  used  in  computers  to  represent  a 
bit  (5)  Single  dlshutence  characterized  by 
the  rise  and  decay  in  time  or  space  of  a 
quantity  whose  value  is  normally  constant. 
(6)  Single  impulse  of  a  telephone  dial  or 
similar  signal.  (7)  In  relay  operation,  sud- 
den change  of  brief  duration  produced  in 
the  current  or  voltage  of  a  circuit  to  actuate 
or  control  a  switch  or  relay.  MOTE:  In 
these  de&nltlonsi  an  RF  carrier^  amplitude- 
modulated  by  a  pulse.  Is  not  considered  to 
be  a  pulse. 
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PUL6C  AMPLITUDE  -  Mudmum  inatan** 
tanooui  valu0  of  a  ptflflo.  NOTE:  Splkea 
and  npplett  a^>«rlmpos0d  on  the  pulse  ar« 
commonly  conBlderod  to  be  separate  tran- 
sients and  are  Ignored  In  considering  dimen- 
sions of  the  ptflse  Itself, 

FUU9G  DURATION  Time  Interval  between 
the  first  and  last  instants  at  which  the 
Instantaneous  ampUtucte  reaches  a  stated 
fraction  of  the  peak  pulse  amplitude. 

FULSE^DURATION  MODULATION  -  Pulse- 
time  modulation  In  which  the  value  of  each 
instantaneous  sample  of  the  modulating  wave 
Is  caused  to  modulate  the  duration  of  the 
pulse.  NOTE;  (1)  Pulse-^length  modulation 
has  been  used  to  design  this  system  of 
modulation*  (2)  In  pulse-^duratlon  modula-^ 
tlon,  the  modulating  wave  may  vary  the 
time  of  occurrence  of  the  leading  edge^  the 
trailing  edge,  or  both  edges  of  the  pulse. 

FULSE-FORMING  NETWORK  OR  CIBCUTT- 
Networlc  or  circuit  whch  serves  to  produce 
a  pulse  of  the  required  waveform. 

PULSE  FREQUENCY  MODULATION  *  Form 
of  pUlse<^tlmft  modulation  in  which  the  pulse 
repetition  frequency  of  the  carrier  is  varied 
in  accordance  with  amplitude  and  frequency 
of  the  modulating  signal. 

PULSE  MODULATION  ^  (l)  MOilulatlOn  Of 
a  carrier  try  pulses.  (2)  Modulation  of  a 
pulse  carrier. 

PUUE  REPETITION  FREQUENCY  The 
frequency  at  which  ptflses  are  transmitted 
by  a  pulse<^modulated  transmission  system^ 
such  as  a  radar  set.  It  Is  usually  given 
in  pulses  per  seconds  It  Is  also  called 
pulse  rate  and  p^Ulse  recurrence  rate.  It  Is 
the  reciprocal  oftb#pulse  recurrence  period. 

PULSE  REPETITION  RATE  -  See  PULSE 
REPETITION  FREQUENCY. 

PUMP  OSCILLATOR  -  An  AC  generator 
that  sillies  pumping  energy  for  maser  and 
parametric  amplifiers.  Operates  at  twice  or 
some  higher  multiple  of  the  signal  firequency. 


PUSH-PULL  CIRCUIT  -  Circuit  containing 
two  like  elements  which  operate  In  100* 
phase  relationship  to  produce  additive  output 
components  of  the  desired  wave»  with  can- 
cellation of  Certain  unwanted  products. 

Q  »  Figure  of  merit  of  etticiency  of  a  cir- 
cuit or  coll.  Ratio  of  Inductive  reactance 
to  resistance  In  servos*  Relationship  be- 
tween stored  energy  and  rate  of  dissipa- 
tion in  Certain  types  of  electric  elements^ 
structures,  or  materials. 

QUARTER-WAVE  ANTENNA -Antenna  which 
haB  an  electrical  length  equal  to  one-fourth 
the  wavelength  of  the  signal  to  be  trans- 
mitted or  received^  Its  physicallengthwillbe 
slightly  shorter  than  one-fourth  wavelength. 

QUARTZ  CRYSTAL  -  (1)  Mother  crystal  of 
quartz  a^  found  in  nature,  having  a  hexagonal 
cross  section  coming  to  a  point  at  one  end 
and  a  fractured  base  where  it  was  broken 
away  from  the  rock  formation  in  which  it 
grew.  (2)  Crystal  unit  in  the  form  of  a  thin 
slab  or  plate  cut  f-*om  the  quartz  crystal 
and  carefully  grouid  to  a  thickness  that 
will  make  it  vibrate  at  a  specific  frequency 
when  supplied  with  energy.  It  Is  used^  among 
other  purposes^  to  control  the  frequency  of 
an  oscillator  in  a  transmitter. 

QUIESCENT  STATE  -  Time  during  which 
a  tube  or  other  element  of  an  electric  cir- 
cuit Is  not  performing  Its  active  function 
In  the  circuit. 


RADAR  - 
RANGING. 


See  RADIO  DETECTION  AND 


RADIATION  -  (i)  Emission  Of  energy 
the  form  of  electromagnetic  waves.  The 
term  Is  also  used  to  describe  the  radiated 
energy.  (2)  Corpuscular  emissions^  as  alpha 
and  beta  radiation  and  emissions  of  mixed 
or  unlcmwn  type^  such  as  cosmic  radiation* 

RADIATION  FIELD  -  Electromagnetic  energy 
that  breaks  away  from  a  transmitting  antenna 
and  radiates  oi^ward  Into  space  a^  electro* 
magnetic  waves  (radio  waves). 
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RADIO  "  <l)  The  U4e  of  electromagnetic 
waves  to  truumlt  or  receive  electric  Im- 
pulsee  or  signals  without  a  connecting  wire; 
the  tranamleslon  or  reception  of  such  Im*^ 
pulses  or  signals*  (2)  SpeclflcaUyi  the  use 
of  these  waves  to  transmit  electric  pifleos 
excited  by  the  voice  or  other  soundS|  or 
by  nonaudltoiy  instniments  at  frequencies 
below  those  normally  used  In  radar  or 
television.  (3)  Any  aggregate  of  electric  and 
electronic  equipment  used  for  the  wireless 
transmission  or  reception  of  electromagnetic 
waves,  or  both,  especially  for  transmitting 
and  receiving  sounds,  activating  remote- 
control  mechanisms,  etc.;  a  radio  set.  <4)  A 
manner  or  technique  of  doing  something  by 
means  of,  or  ^th  the  aid  of,  radio  {In  sense 
2)|  as  communicating,  navigating  ilrcraft, 
controlling,  etc.,  as  in  the  phrase  "the 
missile  was  guided  by  radio/' 

RADIO  DETECTION  AND  RANGING  *<radar) 
{\)  Any  of  Certain  methods  or  systems  of 
using  beamed  and  reflected  electromagnetic 
energy  for  detecting  and  locating  objects; 
for  measuring  distance,  velocity,  oraltltude; 
or  for  certain  other  purposes  such  as  navi- 
gating, homing,  bombing,  missile  tracking, 
mapping,  etc*  (2)  In  FCC  regulations,  a  radio 
determination  system  based  on  the  com- 
parison of  reference  signals  with  radio  sig- 
nals reflected^  or  retransmitted,  from  the 
position  to  be  determined* 

RADIO  FIX  -  (1)  The  location  of  a  friendly 
or  enemy  radio  transmitter,  determined  by 
finding  the  direction  of  the  radio  trans- 
mitter from  two  or  more  listening  stations* 
(2)  The  determination  of  a  navigational  posi- 
tion by  a  ship  or  aircraft  by  ascertaining 
the  direction  of  radio  signals  received  from 
two  or  more  sending  stations,  the  locations 
of  which  are  unknown. 

RADIO  FREQUENCY  -  Frequency  in  which 
radio  transmission  is  useM  for  com* 
mtmicatlon  purposes*  The  useM  range  Is 
from  approximate}/  10  kilobertz  to  300,000 
megahertz. 

RADIO  WAVE  -  Electromagnetic  waves  of 
freqwndes  lower  than  3,000  gigahert^i  pro- 
pagated in  space  without  artificial  guide* 
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RATE  -  Measure  of  movement  per  unit  of 
time;  e^g*,  climb,  closure,  descent,  or  turn, 

RATED  OUTPUT  -  Output  power,  voUage, 
current,  etc*,  at  which  a  machine,  device, 
or  apparatus  is  designed  to  operate  under 
Specified  normal  conditions* 

RATE  GROWN  SEMICONr>UCTOR  -  A  grown 
Junction  produced  by  varying  the  rate  of 
crystal  growth* 

RATIO  DETECTOR  Type  of  detector  used 
to  convert  FM  signals  to  amplitude  changes. 


RC  CONSTANT  -  Time  constant  of  a  resistor^ 
capacitor  circuit;  equal  in  seconds  to  the 
resistance  value  In  ohms  multiplied  by  the 
capacitance  value  in  farads. 

RC  {RESISnVE-CAPACrnVE)  COUPLING  - 
Coupling  between  two  or  more  circuits, 
usually  amplifier  stages,  by  means  ofacom- 
Unatlon  of  resistive  andcapacltlve  elements* 

RC  NETWORK  -  Circuit  containing  resist- 
ances and  capacitances  arranged  in  a  parti- 
cular manner  to  perform  a  specific  function. 

RC  OSCILLATOR  -  Oscillator  In  which  the 
frequency  is  determined  by  resistance  and 
Capacitance  elements* 

REACTANCE  -  In  electrical  circuits,  react- 
ance is  the  imaginary  component  of  imped- 
ance. The  symbol  for  reactance  is  X* 

REACTANCE  M<^ULATOR  -  Device,  the 
reactance  of  which  may  be  varied  In  ac- 
cordance with  the  Instantaneous  amplitude 
of  the  modulating  wave  applied.  Electron 
tubes  are  widely  used  In  this  manner  to 
efifect  i>hase  or  frequency  modulation, 

REACTANCE  TUBE  -  A  vacuum  tube  oper- 
ated In  such  a  manner  that  Itpresents  almost 
a  pure  reactance  to  the  circuit. 

REACTANCE  LOAD  -  Load  having  react- 
ance, such  as  a  capacitlve  load  or  an  induc- 
tive load,  rather  than  a  resistive  load, 
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necfilVlNO  ANTENNA  -  Dovlce  (or  con- 
verting rocoiwd  ipACt  propagaUd  electro* 
mftgnotlc  tiwrgy  to  electrical  ftiitrgy* 

RECElVIMa  CIRCUIT  -  Apparatiw  and  con- 
nection! umd  exclusively  tor  the  reception 
ot  metfiftgefl  at  a  radio  telephone  or  radio 
telegraph  itatlon. 

RECTIFICATION  -  Convtfffllon  ofalternatlnc 
current  Into  unidirectional  current  by  means 
ot  a  rectifier. 

RECTIFIER  -  (l)  A  device  having  an  asym- 
metrical conduction  choracterlstlCp  enqiloyed 
in  such  a  manner  as  to  convert  alternating 
current  Into  unldlrecttonal  current  In  am- 
plitude modulation  detection^  recoveiy  ot 
original  signals  is  frequently  accomplished 
by  a  rectifier.  (2)  Device  that  converta 
alternating  current  Into  unldlrecttonal  cur- 
rent by  permitting  appreciable  current  flow 
In  one  direction  only. 

REFERENCE  LEVEL  -  Level  used  as  a 
starting  point  when  designating  the  value  of 
an  alternating  quantity  or  a  change  in  the 
quantity  by  means  of  decibel  units.  For 
sound  loudoesSp  the  reference  level  Is  usu- 
ally the  threshold  of  hearing.  For  communi- 
cation receivers,  the  commonly  used  level 
is  60  microwatts.  A  common  reference  in 
electronics  Is  1  milliwatt  and  power  is 
stated  as  decibels  above  or  below  1  milli- 
watt (dhm). 

REFERENCE  VOLTAGE  -  The  AC  voltage 
in  a  synchro  servosystem  used  to  determine 
the  in-phase  or  180*-out-Qf- phase  condltton 
in  order  to  provide  directional  sense. 

REFLECTED  IMPEDANCE  -  (1)  Impedance 
value  that  appears  to  exist  across  the  pri- 
mary of  a  transformer  due  to  current  flow- 
ing in  the  sec<»idary.  (2)  Impedance  which 
appears  at  the  Input  terminals  as  a  result 
of  the  characteristics  of  the  Impedance  at 
the  output  terminals. 

REFLECTED  WAVE  -  a)  Put  of  the  indi- 
dent  wave  reflected  back  Into  the  first 
medium.  (2)  Sky  wave  reflected  from  the 
ionosphere  layer  back  to  earttu  (3)  Wave 
reflected  from  the  Junction  of  two  media 
with  different  reflective  indices. 


REFLECTOR  -  (l)Devlceto  redirect  radia- 
tion In  a  desired  dlrectton  or  dlrecttoni« 
(2)  Rdsr  portion  .{parasitic  element)  of  a 
directional  antennag  not  connected  to  the 
transmitter  or  receiver,  and  io  designed  as 
to  Increase  the  radlatton  effectiveness  in 
the  forward  direction,  (9)  Element  In  a  re- 
flex klystron  tutw  which  reflects  the  elec- 
trons back  toward  the  grid, 

REFLEX  KLYSTRON  -  XlystrM  which  em- 
ploys a  reflector  (repeUer)  electrodCj  in 
place  Ota  second  resonant  cavity,  to  redirect 
the  velocity-modulated  electrons  through  the 
resonant  cavity  which  produced  the  modula- 
tion. Such  klystrons  are  well  suited  for  use 
as  oscillators  because  the  frequency  Is 
easily  controlled  by  varying  the  position  of 
the  reflector. 

REGENERATION  -  Process  by  which  a  part 
of  the  power  in  the  output  circuit  of  an 
ampU/ying  device  reacts  Uffm  the  input 
circuit  in  such  a  manner  as  to  reinforce 
the  initial  power,  thereby  increasing  the 
ampUflcatlon.  Synoiiym:  positive  feedback, 

REQENERATTVE  DETECTOR  -  A  detector 
circuit  in  which  RF  energy  is  fed  back  in 
swh  a  way  as  to  produce  regeneration^ 
thereby  greatly  Increasing  the  amplification 
and  sensitivity  of  the  circuit, 

REGITLATED  POWER  SUPPLY  -  Power 
supply  device  containing  means  for  main- 
taining constant  voltage  or  constant  current 
under  changing  toad  conditions. 

REGULATION  *  (1)  Uaintainlng  a  constant 
level  of  powerp  voltage,  signal,  etc.j  in  a 
circuit  or  system.  (2)  Ratio  of  the  change 
in  vtiltage  due  to  a  load  to  the  open-circuit 
voltage,  expressed  in  percent, 

RELAY  *  (1 )  Transmlsston  forwarded  through 
an  Intermediate  station.  (2)ElectrlcaIly  oper- 
ated swltcht  usually  comprised  of  an  electro- 
magnet, an  arm^turcj  and  a  nutntMr  of 
contact  springs.  (3)  Device  in  which  a  small 
current  or  power  flow  can  t>e  made  to 
control  a  larger  current  or  power  flow  in  a 
secondary  circuit  openingordosingccmtacts. 
tTsually  contains  an  electromagnet  and  an 
armature. 
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RELAY  CONTACTS  -  CcmUcti  that  &ro 
ctoaed  or  opened  tho  movement  of  the 
armature  of  a  relay. 

RELUCTANCE  -  Property  of  a  mognetlo 
circuit  urhlch  determlnea  the  amount  of 
magnetic  flux  that  wUl  tie  pnxbiced  a«  a 
result  of  the  plication  of  a  given  magneto- 
motive force. 

REMOTE-CUTOFF  TUBE  ^  Electron  tube 
which  10  deelgned  ao  as  to  approach  cutoff 
veiy  gradually  aa  the  negative  grid  potential 
la  Increaaed. 

REPULSION  -  Mechanical  force  tending  to 
aeparate  bodies  having  Uk«  electrical  charges 
or  like  magnetic  polarity,  or  in  the  case  of 
adjacent  conductors^  having  currents  flow- 
ing In  opposite  directions* 

RESIDUAL  CHARGE  -  Charge  remaining 
on  the  plates  of  a  capacitor  after  an  initial 
discharge  of  the  capacitor. 

RESIDUAL  IONIZATION  -  ionization  of  air 
or  other  gas  in  a  closed  chamtiert  not 
accounted  for  by  recognizable  neighboring 
agencies. 

RESIDUAL  MAGNETISM  -  Magnetism  re- 
maining In  a  Bubstance  after  removal  of 
the  magnetizing  force. 

RESISTANCE  -  <I)  Property  of  a  conductor 
which  determlnea  the  amount  of  current 
that  will  flow  as  the  result  of  the  applica- 
tion of  a  given  electromotive  force*  All 
conductors  possess  some  resistance^  but 
when  a  device  is  made  especially  for  the 
purpose  of  limiting  current  flow.  It  is  called 
a  resistor.  A  resistance  of  I  ohm  will  allow 
a  current  of  I  ampere  to  flow  through  It 
when   a  potential  of  I  volt  Is  ai^lled. 

(2)  Opposition  which  a  device  or  material 
offers  to  the  florv  of  current.  The  effect 
of  resistance  is  to  raise  tte  temperature 
of  the  material  or  devlco  carrying  the  current. 

(3)  Circuit  element  designed  to  offer  a 
predetermined  resistance  to  current  flow^ 

RESISTANCE  BRIDGE  -  Common  form  of 
wheatstone  bridge^  employing  resistance  in 
three  arms. 


RESISTANCE  WIRE  -  Wire  made  from  & 
metal  or  alloy  having  high  resistance  per 
unit  lengthi  euch  a  nlcbromo.  Ueed  In  wire- 
wound  reslstorSp  heating  elementSp  etc« 

RESISTOR  *  Electrical  component  which 
offers  resistance  to  the  flow  of  current.  It 
may  tw  a  coil  of  fine  wire  or  a  composition 
rod. 

RESONANCE  -  Of  electrical  circuits,  con- 
dition in  a  circuit  containing  inductance 
and  capacitance  where  the  inductive  react- 
ance is  equal  and  opposite  to  the  capacltlve 
reactance.  This  condition  occurs  at  but  one 
frequency  for  a  given  fixed  circuit  and  the 
circuit  Is  said  to  tie  In  resonance.  The 
resonairt  frequency  may  tie  changed  by  vary- 
ing either  the  capacity  or  Inductance. 

RESONANCE  CURVE  -  Graphical  repre- 
sentation Illustrating  the  manner  In  wtdch 
a  tuned  circuit  responds  to  the  various  f^-* 
quencles  in  suid  near  the  resonant  frequency. 

RESONANT  CAVITY  -  Form  of  resonant 
circuit  in  which  tte  current  is  distributed 
on  the  Inner  surface  of  an  enclosed chamtier. 
By  making  the  chautier  of  the  properdimen<^ 
slons^  the  circuit  can  tie  mada  to  have  a 
high  Q  at  UHF  and  SHF  frequencies*  The 
resonant  frequency  of  a  cavity  can  tie  changed 
by  the  adjustment  of  screws  which  protrude 
Into  the  cavity^  or  by  changing  the  shape 
of  the  cavity. 

RESONANT  FREQUENCY  -  (l)  Frequency^ 
of  a  crystal  tmlt,  for  a  particular  mode  of 
vibration  to  which,  discounting  dissipation, 
the  effective  Impedance  of  the  crystal  tmlt 
Is  sera  (2)  That  frequency^  for  a  given 
resonant  circuit  at  which  the  inductive  react<^ 
ance  is  equal  to  the  capacltlve  reactance. 

RESONANT  LINE  -  Transmission  line  hav- 
ing values  of  dlstrll»ted  inductance  and 
distributed  capacitance  such  as  to  make  the 
line  resonant  at  the  frequency  It  is  handling. 


RESONATE 
by  tuning. 


TO  bring  to  resonance^  ae 


RETENTIVITY  Ability  of  a  material  to 
retain  Its  magnetism. 
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REV&itSe  fiIA0  *  Blu  ippltod  to  nwi^ 
conductor  Junction  with  p^Arityi  io  lltUe 
or  no  current  nowi  tbrouftb  tba  Jwctlofu 

REVERSE  CURRENT  -  Of  a  wmlconductor 
(Uodfti  the  total  current  Ooivlntf  through  a 
•emlconductor  dtode  In  the  nnne  dtraction. 

RF  -  Sea  RADIO  FREQUENCY. 

RF  AMPLIFIER  -  An  ampUflari  «tag«i  or 
section  UMd  to  Uicr«a«6  thf  voltac«  or 
power  of  radio  frequency  ilgnale. 

RF  CHOKE  -  CoU  having  a  high  Inductlire 
reactance  for  radio  frequeoclei  and  ueed  to 
prevent  radio-frequency  curreote  from  pais* 
Ing  from  one  circuit  to  another. 

RF  COMPONENT  -  PortlOQ  of  a  signal  or 
wave  which  consists  of  only  the  al-^ 
tematlonsi  and  does  not  Include  the  audio 
rate  of  change. 

RF  TRANSFORMER  ^  Transformer  designed 
to  transfer  RF  energy  from  one  circuit  to 
another. 

RHEOSTAT  U)  Resistor  whose  value  can 
be  varied.  (2)  Variable  resistor  which  Is 
used  for  the  purpose  of  adjusting  the  cur- 
rent In  a  circuit, 

RHOMBIC  ANTEN.^^  T>lrectlonal  antenna 
composed  (A  long  vrii\  vHators  comprising 
the  sides  of  a  rhombus^  the  two  halves  (A 
the  rhombus  being  fed  equally  In  opposite 
phase  at  an  apex.  The  antenna  Is  usually 
tennlnated  in  an  impedance. 

RING  TIME  -  Interval  from  trailing  edge 
of  transmitted  pulse  until  signal  is  lost 
in  receiver  ncdse. 

RIPPLE  -  Periodic  fluctuation  on  a  DC  vdlt-^ 
age  which  results  from  incomplete  filtering 
In  a  power  rectifier  set«  or  tvom  the  bars 
of  the  commutator  or  a  DC  generating 
machine.  Hie  magnitude  of  ripple  is  ex- 
pressed as  the  ratio  of  Its  effective  value^ 
to  the  average  value  ct  the  total  DC  voltageg 
In  percent. 


ROOT  MEAN  SQUARE  «  The  equare  root  of 
the  average  of  the  equaree  of  the  initant- 
ansoue  valuee  of  a  periodic  quantity  taken 
throughout  one  complete  period*  It  Is  the 
effective  value  of  a  periodic  quantity. 

ROOT  MEAN  SQUARE  VALUE  -  Of  alter- 
nating currents  and  voltage  a,  the  RMS  value 
is  the  effective  value  of  current  or  voltage 
applied*  It  Is  that  alternating  current  or 
voltasja  that  producee  the  same  beatli^etfect 
atf  an  equal  value  of  dlrectcurrentorvoltage. 
It  Is  equal  to  0.707  times  the  maxtmum 
value  of  a  sine  wave. 

ROOm  CORE  SOLDER  -  Solder  In  tubular 
form,  the  center  filled  with  rosln»  and^ 
therefore^  self-fluxing. 

ROStN  JOINT  -  Connection  of  a  conductor 
to  a  place  of  equipment  or  another  con- 
ductor supposedly  securely  soldered,  but 
actually  held  together  by  nsln  flux.  Same 
as  rosin  connection. 

ROTARY  SWITCH  -  Bank  and  wiper  switch 
vAth  vipers  or  brushes  that  move  only  on 
the  arc  of  a  circle. 

ROTOR  PLATES  ^  Rotating  plates  of  a  vari-^ 
able  capacitor. 

SATURABLE  REACTOR  -  Magnetic  core 
reactor  In  which  a  low  value  of  current 
produces  magnetic  saturation  (A  the  core, 
thereby  reducing  the  effective  inductance 
and  reactance  above  the  saturation  point, 

SATURATION  -  (1)  Maximum  Unpregnation 
of  a  solid  or  liquid  substance.  (2)  Maxi- 
mum possible  density  ct  a  magnetic  field 
or  the  maximum  possible  vapor  pressure  ct 
substance  in  a  given  space*  (3)  Condition 
in  which  maximum  current  Is  paaslngthrough 
the  device.  (4)  Condition  which  exists  In  a 
circuit  when  an  increase  In  the  actuating 
component  Produces  no  further  increase  In 
the  resultant  effect, 

SATURATION  LIMmNG  -  Umltlng  the  out- 
put of  an  amplifier  circuit  by  operating  in 
the  region  of  saturation. 
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SCaEMAOlC  CIRCUIT  DIAGRAM  -  Circuit 
diagram  in  which  component  parts  are  re- 
presented by  simple^  easily  drawn  symbols. 
May  be  called  schematic. 

SCREEN  -  (1)  Metal  partition  or  shield 
which  Isolates  a  device  from  external  mag- 
netic or  electric  fields.  (3)  Screen-grid 
electrode  <tf  an  electron  tube.  (3)  Chemically 
coated  inside  surface  at  the  large  end  olz 
cathode-ray  tube  which  becomes  luminous 
when  struck  by  an  electron  beam* 

SECONDARY  ELECTRON  -  An  electron 
emitted  aa  a  result  ol  bombardment  of 
a  material  by  electrons  or  cathode  rays» 
or  by  collision  ol  a  charged  particle  against 
a  surface. 

SECONDARY  EMISSION  -  The  ejection  of 
electrons  from  a  solid  or  liquid  as  a  result 
of  charged^partlde  Impact. 

SECONDARY  VOLTAGE  -  Voltage  across 
the  secondaiy  winding  ol  a  transformer. 

SECOND  DETECTOR  -  That  portion  ol  a 
stq>erheterodyne  receiver  that  separates  the 
audio  component  from  the  modulated  Inter- 
mediate frequency. 

SELECTIVITY  -  (1)  That  characteristic 
which  determines  the  extent  to  which  It  Is 
possible  to  differentiate  between  the  desired 
signal  and  disturbances  ol  other  frequencies. 
(2)  Ability  of  a  receiver  to  reject  trans- 
missions other  than  the  one  to  whch  It  is 
tuned  (usually  expressed  by  a  curve  In 
which  the  Input  signal  voltage  required  to 
produce  a  constant  power  output  Is  plotted 
against  a  freq;uency).  (3)  Degree  to  wtiich 
a  radio  receiver  can  accept  the  signals  of 
one  station  while  rejecting  those  ol  all 
other  stations  on  adjacent  channels. 

SELENIUM  RECTIFIER  -  Rectifier  formed 
of  discs  ol  Iron  In  contact  with  a  layer  of 
metallic  selenium. 

SELF- BIAS  -  Condition  under  which  adevlce 
sets  lis  own  bias. 
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SELF-CONTROLLED  OSCILLATOR  -  OscU- 
lator  depending  on  Its  resonant  circuits  for 
frequency  determination;  l.e.,  not  crystal 
controlled. 

SELF-INDUCTION  -  (1)  Action  in  which  a 
counter  electromotive  force  is  produced  In 
a  conductor  when  the  conductor's  own  mag- 
netic Held  collapses  and  expands  with  a 
change  In  current  flow.  (2)  Production  of  a 
vdltage  In  a  circuit  by  a  varying  current 
In  that  same  circuit. 

SELSYN  -  Single-phase,  sell-synchronous 
machine  which  converts  mechanical  posi- 
tion Into  electrical  signal,  or  vice  versa. 
Selsyn  Is  a  trade  name  applied  to  this  type 
of  synchro  motor  or  generator. 

SEMICONDUCTOR  -  A  solid  or  liquid 
electronic  conductor,  with  resistivity  be* 
tween  that  ol  metals  and  that  of  insulators^ 
in  wtiich  the  electrical  charge  carrier 
concentration  Increases  vdth  Increasii^ 
temperature  over  some  tenq>erature  range. 
Over  most  ol  the  practical  temperature 
range,  the  resistance  has  a  negative  tem- 
perature coefficient.  Certain  semiconductors 
possess  two  types  of  carriers;  namely^ 
negative  electrons  and  positive  holes.  The 
electrical  properties  of  semiconductors  are 
highly  sensitive  to  the  presence  <tf  Impurities 
and  to  previous  treatment. 

SEMICONDUCTOR  DIODE  -  A  semicon- 
ductor device  having  two  terminals  and 
exhibiting  a  nonlinear  voltage  current  char- 
acteristic; In  more  restricted  usage^  a 
semiconductor  device  wlilch  has  the  asym- 
metrical vdtage-current  characteristic  ex- 
emplified by  a  single  PN  Junction. 

SENSmVlTY- (1)  Sensitivity  of  a  radio 
receiver  or  similar  device  la  talcen  as  the 
minimum  Input  signal  required  to  produce 
a  specified  output  signal  having  a  specified 
slgnal-to-nolse  ratio.  This  signal  Input  may 
be  expressed  as  power  or  as  vdltage,  with 
Input  network  Impedance  stipulated.  (2)  Least 
signal  Input  capable  of  causing  an  output 
signal  having  desired  characteristics. 
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9IJRIES  CIRCUIT  -  Arrangement  wbdM  two 
or  more  electrical  devices  are  connected 
do  that  the  current  through  one  muet  flow 
through  the  other;  electrona  have  one  path 
to  travel  from  the  negative  terminal  to  the 
positive  terminal. 

SERIC3  EXCITATION  -  Obtaining  field  ex* 
citation  in  a  motor  or  generator  by  allowing 
the  armature  current  to  fllow  through  the 
field  winding* 

SERIES-PARALLEL  CIRCUIT  *  Oneinwhlch 
two  0^  more  parallel  or  aezles  combinations 

are  tn\sezlea  with  each  other. 

\ 

SERIES  RESONANCE  -  (1)  Resonance  ex* 
hlMted  by  a  capacitor  and  tnductorconnected 
in  series^  characterized  by  low  series  at- 
tenuation at  the  resonant  or  tuned  frequency 
and  high  dories  attenuation  of  all  others. 
(2)  Steady-atate  condition  which  exists  in  a 
circuit  coinprlsing  inductance  and  capacit- 
ance connected  In  series  when  the  current 
in  the  circuit  is  In  phase  with  the  voltage 
across  the  circuit.  (3)  Condition  existing  In 
a  circuit  when  the  source  of  EMF  Is  In 
series  with  an  inductance  and  capacitance 
whose  reactances  cancel  each  other  at  the 
applied  frequency^  reducing  the  Impedance 
to  minimum. 

SERIES  WOUND  -  Motor  or  generator  in 
which  the  armature  and  field  windings  are 
in  series. 

SERVOSYSTEM  -  (l)  Complete  electro* 
mechanical  system  for  anq>lliying  andtrans* 
mlttlng  accurate  mechanical  position  from 
one  point  to  another  by  electrical  means, 
in  a  closed  circuit  loop.  The  purpose  of  a 
servo  is  to  reproduce  a  signal  at  a  place^ 
power  levels  or  form  dilferent  from  the 
original  signal,  but  under  its  contr<dl.  The 
servosignal  is  usually  mechanical.  The  cir- 
cuit elements  are  motors^  gear,  orthermo* 
stats.  (2)  Electromechanical  system  which 
is  used  Ibr  positioning  one  element  of  a 
system  in  relatlo;t  to  another.  The  change 
in  position  of  one  element  of  the  system 
results  in  the  production  of  an  error  volt* 
age  which  is  used  indirectly  to  cause  a 
motor  to  drive  the  other  element  ot  the 


system  to  the  point  where  the  error  vcdtage 
no  longer  exists. 

SHELL  -  (1)  Group  of  electrons  which 
form  part  ot  the  outer  structure  ef  an 
atom^  and  having  a  common  energy  level. 
(2)  Lamina  of  magnetic  material  lit  which 
the  lines  ot  induction  are  In  the  directlM 
of  its  thickness.  Its  strength  is  the  magnetic 
moment  per  unit  area. 

SHIELD  -  (1)  Housing  of  metal|  usually 
aluminum  or  copperi  placed  around  a  radio 
circuit*  The  housing  prevents  interaction 
between  circuits  by  providing  alow  resist- 
ance and  reflecting  path  to  ground  for  high 
frequency  radiations.  (2)  Sheet  or  core  ot 
iron  enclosing  instruments  or  radio  parts  to 
protect  themfrom  stray  magnetic  fields  by 
providing  a  convenient  path  for  the  magnetic 
lines  of  force. 

SHORT  CIRCUIT  -  Low  resistance  connec- 
tion between  two  points  of  dilferent  potential 
in  a  circuity  usually  accidental  and  usually 
resulting  In  excessive  current  flow  that 
may  cause  damage. 

SHORT  WAVE  -  Refers  to  radio  frequencies 
above  the  commercial  broadcasting  band 
used  for  sky  wave  commtmlcatlons;  wave- 
lengths less  than  200  meters. 

SHOT  EFFECT  -  Noise  voltages  developed 
as  a  result  of  the  random  nature  ot  electron 
travel  within  electron  tubes.  The  effect 
is  characterized  by  the  steady  hiss  in  audio 
reproduction,  and  by  ''snow"  or  ''grass" 
in  video  reproduction. 

SHUNT  -  (1)  Precision,  low^value  resistor 
placed  across  the  terminals  ot  an  ammeter 
to  increase  its  range.  (2)  Any  part  con- 
nected, or  the  act  of  connecting  any  part, 
in  parallel  with  some  other  part  (3)  Branch 
ot  an  electric  circuit  having  its  winding  in 
parallel  with  the  external  or  line  circuit. 

SHUNT-WOUND  -  Windings  ao  designed  in 
a  motor  or  generator^  that  armature  and 
field  windings  are  in  parallel* 
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SIDEBANDS  *  (1}  Frequency  bande  on  both 
BldfiO  of  the  carrier  frequency  which  contain 
the  frequencies  of  the  waves  proctuced  t>y 
the  proceflB  of  modulatlonu  (2)  Wave  com- 
pozienta  lying  within  auch  bande.  NOTE:  In 
the  procesB  of  amplitude  modulation  with 
a  Blne-'Wave  carrier,  the  uppersldeband 
Includes  all  sum  (carrier  plufl  modulating} 
frequencies;  the  lower  sideband  Includea 
all  difference  (carrier  minus  modulating) 
frequencies. 

SIGNAL  -  (l)  Any  transmitted  electrical 
Impulse.  (2)  Operationally,  type  of  mes'^ 
sage,  the  text  of  which  consists  of  one  or 
more  letters,  words,  characters,  signal 
flags,  vlsxtal  displays,  or  special  sounds, 
with  prearranged  meanings,  and  which  Is 
conveyed  or  transmitted  by  visual,  acousti- 
cal, or  electrical  means.  (3)  A  wave  that 
conveys  desired  Intelligence.  The  signal 
may  consist  of  an  electromagnetic  wave  In 
space,  the  current  In  or  voltage  Impressed 
upon  a  circuit  element,  ortbesoundlmplnging 
upon  the  ear  from  a  loudspeaker  or  headset. 
(4)  Jntelllgence,  message,  :or  effect  conveyed 
In  communications  andj  other  electronic 
applications. 

SIGNAL  GENERATOR  -  Instrument  which 
produces  voltages  of  known  amplitude  and 
waveform  for  testing  and  measuring  elec- 
tronic s^^aratus. 

SIGNAL- TO-NOISE  -  Ratio  of  the  magnlhute 
of  the  signal  to  that  of  the  noise;  often 
expressed  In  decibels.  This  ratio  Is  ex* 
pressed  In  many  different  ways;  e.g..  In 
terms  of  peak  values  in  the  case  of  Impulse 
nolsei  and  In  terms  of  root-mean-square 
values  In  the  case  of  random  noise,  the 
signal  being  assumed  sinusoidal.  In  speciQc 
cases  other  measures  of  signal  and  noise 
may  he  used  if  clearly  stated. 

SILICON  -  N^ometalllc  element  which  Is 
a  semiconductor  and  used  as  transistor 
material. 

SINE  WAVE*  -  Wave  In  which  the  ami^tude 
varies  as  the  sine  of  the  angle;  the  wave« 
form  of  a  normal  alternating  current  or 
voltage. 


SI^LE-END  AMPUHER  ^  Amplliier  stage 
which  normally  employs  only  one  tube  or 
semiconductor  or.  If  more  than  one  tube  or 
semiconductor  is  used,  they  are  connected 
In  parallel  so  that  operation  is  asymmetric 
with  respect  to  ground. 

SINQLE-^PHASE  CIRCUIT  -  Either  an 
altematlng^current  circuit  which  has  only 
two  points  of  entry,  or  one  which,  having 
more  than  two  points  of  entry*  Is  intended 
to  be  so  energized  that  the  potential  differ-* 
ences  between  all  pairs  of  points  of  entry 
are  either  In  phase  or  differ  in  phase  t>y 
180°.  A  singleophase  circuit  with  only  two 
points  of  .entry  is  called  a  single-phase, 
2 -wire  circuit. 

SINQLE-SIDEBAND  -  Term  used  todescrlbe 
the  process  of  single-sideband,  suppressed 
carrier  communications  operations,  and  the 
equipment  required  for  this  t3rpe  of  opera- 
tion. Within  transmitter  of  such  a  system 
the  carrier  is  suppressed,  either  partially 
or  completely  and  restored  at  the  receiver. 
In  single-sideband  operations,  only  one  side- 
t>aiid  is  transmitted. 

SINUSOIDAL  -  Varying  in  proportion  to  the 
sine  of  ^  angle  or  time  function.  Ordinary 
alternating  current  is  sinusoidal. 

SKIN  EFFECT  -  Tendency  of  currents  at 
high  frequencies  to  flow  near  the  surface 
of  a  conductor  thus  being  restricted  to  si 
small  part  of  the  total  sectional  area  and 
producing  the  effect  of  Increasing  the 
resistance. 

SKIP  DISTANCE  (D  Minimum  distance  at 
which  radio  waves  of  a  specified  frequency 
can  be  transmitted  at  a  specified  time  be- 
tween two  points  on  the  earth  by  reflection 
from  the  regular  ionized  layers  of  the 
ionosphere.  Reflected  waves  are  received 
at  smaller  distances  only  by  scattered  or 
zigzag  reflections.  (2)  Minimum  distance 
between  the  transmitting  station  and  the 
point  of  return  to  the  earth  of  the  trans- 
mitted wave  reflected  from  the  ionosphere. 

SKY  WAVE  ^  Radio  wave  that  travels  up^ 
ward  in  space  from  the  antenna;  may  or  may 
not  be  returned  to  earth  by  reflection  from 
the  ionosphere. 


SUP  -  Dltforetice  in  a  motor's  aynchronouB 
£ipeed  and  Ita  operating  apoed.  It  may  be 
oxprossod  In  ^  percent  of  aynchronoua  speed, 
ad  a  decimal  fraction  of  synchronoua  apeed, 
or  directly  In  revotutlonfl  per  mlmite  (BPM), 

SLIP  HINQ  -  Device  for  making  electrical 
connections  between  atatlonarr  and  rotating 
contacta* 

SLUG  -  (1)  Heavy  metal  ring  or  ahort-^ 
circuited  ^vlndlng  Awhich  la  used  on  the  core 
of  a  relay  to  Introduce  a  time  delay  In  Its 
operation,  (2)  Metallic  core  which  Is  moved 
along  the  axis  of  a  coll  for  the  purpose 
of  tuning. 


S07T  TUBE  -  (1)  High-vacuum  tube  which 
has  become  defective  because  of  the  entry 
of  a  small  amount  of  gas.  (2)  An  electronic 
tube  Into  which  a  smaU  amount  of  gas  has 
purposely  been  put  In  order  to  obtain  desired 
characteristics.  A  gaseous  tube. 

SOLDER  *  Alloy  of  lead  and  tin  that  melts 
at  a  fairly  low  temperature,  used  in  making 
electrical  connections. 

SOLDERING  IROK  *  Tool  used  to  apply  heat 
to  a  Joint  preparatory  to  soldering. 

SOLDERLESS  CONNECTOR  -  Device  for 
clamping  two  wires  firmly  together  to  pro* 
vide  a  good  connection  without  solder.  A 
common  form  is  a  cap  with  tapered  internal 
threads,  twisted  over  the  exposed  ends  of 
the  wires. 

SOLENOID  -  (l)  Electromagnet  having  an 
energizing  coil  which  is  approximately 
cylindrical  In  lorm,  acting  on  an  armature 
posltloneil  in  the  center  of  the  coll  (2)  Elec* 
trie  conductor  wound  as  a  helix  with  a  small 
pitchy  or  as  two  or  more  coajdal  helixes. 
(3)  Tubular  collofwlrewhlch^whentraversed 
by  an  electric  current,  acts  as  a  magnet 
and  tends  to  puU  a  movable  iron  core  to  a 
central  position, 

SOURCE  IMPEDANCE  -  Impedance  pre- 
sented by  a  source  of  energy  to  the  input 
terminals  of  a  device. 


SPACE  ATTENUATION  -  Loss  of  energy, 
expressed  in  decibels,  of  a  signal  in  free 
air;  caused  by  auch  factors  as  absorption, 
reflection,  scattering;' and  dispersion* 

SPACE  CHARGE  -  Charge  of  electricity 
distributed  throughout  a  volume  or  space. 
For  example,  negative  charge  due  to  the 
cloud  of  electrons  existing  in  the  space 
between  the  cathode  and  plate  in  a  vacuum 
tube,  formed  by  the  electrons  emitted  from 
the  cathode  in  excess  of  those  immediately 
attracted  to  the  plate. 

SPAGHETTI  -  Heavily  varnished  cloth  tuUng 
or  plastic,  sometimes  used  to  provide  in- 
sulation for  circuit  wiring. 

SPARK  *  Flash  due  to  an  electric  discharge 
through  alrorsomeotherdlelectrlc  material, 
talcing  place  between  two  ormoreelectrodes. 

SPARK  SUPPRESSOR  -  Network,  usuaUy 
consisting  of  a  capacitance  and  resistance 
in  series,  connected  across  apalrof  con- 
tact points  to  diminish  sparking. 

SPECTRUM  ANALYZER  -  Test  Instrument 
used  to  show  the  distribution  of  energy 
contained  in  the  frequencies  emitted  by  a 
pulse  magnetron;  also  used  to  measure  the  Q 
of  resonant  cavities  and  line;  and  to  measure 
the  cold  impedance  of  a  magnetron, 

SPEECH  AMPLIFIER  *  An  AF  voltage  am* 
pllfler  for  amplifying  signals  from  a 
microphone. 

SPEECH  FREQUENCY  *  Audio  frequency  In 
the  space  from  about  100  to  3,000  hertz^ 
which  Includes  all  components  considered 
essential  for  InteillgibUl^  of  speech. 

SPLICE  *  Joint  used  for  connecting  in 
series  two  lengths  of  conductor  or  cable, 
so  as  to  forma  union  with  good  bond  and 
high  conductivity. 

SPUT^PHASE  MOTOR  *  Single-phase  in- 
duction motor  equipped  with  an  auxlUaiy 
winding  displaced  in  magnetic  position  from, 
and  connected  in  parallel  with  the  main 
winding. 
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SPURIOUS  BADIATION  -  Emiaalond  from  * 
a  radio  transmitter  at  frequoncica  outside  of 
Ita  assigned  or  intended  emission  frequency* 

SQUARE  WAVE  -  Periodic  wave  which  al- 
ternately for  equal  lengths  of  time  assumes 
one  of  two  fixed  values^  the  time  oftrans*^ 
Itlon  being  negligible  in  comparison^ 

SQUELCH  CIRCUIT  -  Circuit  for  preventing 
a  radio  receiver  from  producing  audio 
frequency  output  in  the  absence  of  a  signal 
having  predetermined  characteristics.  A 
SQUelch  circuit  may  be  operated  by  signal 
energy  In  the  receiver  paasband^  by  noise 
quieting^  or  by  a  combination  of  the  two 
(ratio  squelch)*  It  may  also  be  operated  by 
a  signal  having  special  modulation  charac- 
teristics {selective  squelch)* 

SQUIRREL*CAGE    INDUCTION    MOTOR  - 
Motor  in  which  the  secondary  circuit  con*-  . 
gists  of  a  sQulrrel-cage  winding  suitably 
placed  In  slots  in  the  secondary  core. 

STABILITY    -    Freedom    from  undeslred 
variation. 

STAGGER  TUNING  ^  Method  of  aligning 
the  IF  stages  of  a  superheterodyne  receiver 
to  produce  wide  bandwidth*  This  is  accom*- 
pUshed  by  peaking  alternate  IF  transformers 
at  slightly  different  frequencies* 

STANDARD  -  Exact  value^  or  a  concept 
that  has  been  established  by  authority,  cus*- 
tom^  or  agreement,  to  aerve  ^  ^  model 
or  rule  in  the  measurement  of  a  quantity 
or  in  the  estabUahment  of  a  practice  or 
procedure. 

STANDING  WAVE  *  (l)  Distribution  of  cur* 
rent  and  voltage  on  a  tranamlssion  line 
formed  by  two  seta  of  wavea  traveling  In 
opposite  directions^  and  characterized  by 
the  presence  of  a  number  of  points  of  suc*- 
cesslve  maxima  and  minima  in  the  distrl^ 
butlon  curves.  Standing  waves  indicate  that 
power  is  being  lost  in  transmission;  there* 
fore^  efforts  are  made  to  keep  standing 
waves  to  a  minimum*  (2)  Sinusoidal  distri- 
bution of  current  ^d  voltage  amplitudes 
along  a  transmission  line  as  a  result  of  the 
deflection  of  energy  from  a  point  where  a 
mismatch  of  Impedance  occura. 


STANDING-WAVE  RATIO  -  (l)  Ratio  of 
current  {or  voltage)  at  a  loop  {maximum) 
in  a  transmission  line  to  the  value  at  a 
(minimum)  node.  It  is  equal  to  the  ratio  of 
the  characteristic  impedance  of  the  line 
to  the  Impedance  of  the  load  connected  to 
the  ouput  end  of  the  line,  (2)  Ratio  of  the 
amplitude  of  a  standing  wave  ^t  an  antinode 
to  the  amplitude  at  a  node* 

STATIC  (1)  Interference  caused  by  natural 
electrical  dl8turl>ances  In  the  atmosphere^ 
Or  the  elect JTOmagnetic  phenom^^na  capable 
of  causing  such  interference*  (2)  Noise  heard 
in  a  radio  receiver  caused  by  electrical 
disturbances  in  the  atmosphere^  such  as 
lightning,  northern  light,  etc,  (3)  Fixed, 
nonvarylng  condition, 

STATOB  -  (I)  Portion  of  machine  which 
contains  the  stationary  parts  of  the  mag- 
netic circuit  with  their  associated  windings, 
(2)  Fixed  or  nonmovlng  part  of  a  variable 
capacitor* 

STEP-UP  TRANSFORMER  -  Transformer 
In  which  the  enet^  transfer  is  from  a 
low-voltage  winding  to  a  high-voltage  wind- 
ing or  windings. 

STORAGE  *  Ability  to  retain  information; 
part  of  the  computer  which  holds  data. 

STRAY  CAPACITANCE  -  Capacitance  exist- 
ing between  adjacent  conductors  or  wiring. 
Coupling  effects  cause  it  to  be  detrimental 
at  high  frequencies* 

SUBATOMIC  PARTICLES  -  Particles  that 
make  up  the  atom;  e.g.,  proton,  electjron, 
neutron,  etc. 

SUBCARRIER  -  {!)  Carrier  that  is  modulated 
and  then  applied  as  modulation  on  a  second 
carrier.  (2)  Carrier  which  is  applied  as  a 
modulating  wave  to  modulate  another  carrier* 

SUBHARMONIC  -  Sinusoidal  quantity  having 
a  frequency  which  is  an  Integral  submultlple 
of  the  fundamental  frequency  of  a  periodic 
quantity  to  which  it  is  related;  e*g*,  a  wave, 
the  frequency  of  which  is  half  the  funda- 
mental frequency  of  another  wave^  is  called 
the  second  subharmonlc  of  that  wave. 
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SUPERHETERODYNE  BECEIVBR^BocelVdr 
in  which  the  Incotafilng  modulated  RF  iisnala 
aro  fttnpUflod  In  a  pnatnpUll«r  (in  some 
caflOtfi  but  not  neceaearlly  in  all  recelvera 
of  tbl«  type)i  and  then  fed  into  a  mixer  (tirst 
detector)  for  conversion  Into  a  ttxed,  lower 
carrier  (called  the  Intermediate  frequency 
of  the  receiver)^  the  modulated  IF  aignala 
undergo  veiy  high  ampUflcatlon  in  the  IF 
amplifier  Btagea  and  are  then  fed  into  a 
detector  (second  detector)  for  demodulation. 
The  resulting  audio  or  video  signals  are 
usually  further  amplified  before  use. 

SUPPRESSED  CARRIER  -  Term  used  to 
designate  that  type  of  system  which  results 
in  the  suppression  of  the  carrier  frequency 
from  the  transmission  medium.  The  Intelll* 
gence  of  a  carrier  wave  after  modulation  is 
contained  In  either  sideband,  and  normally 
only  one  sideband  Is  transmitted;  the  other 
sideband  and  carrier  frequency  are  sup* 
pressed.  The  intelligence  is  recovered  atttae 
receiving  end  by  inserting  a  carrier  fre* 
quency  from  a  local  source  which  when 
combined  with  the  Incoming  signal^  produces 
the  original  frequencies  wlthwhichtbetrana* 
mltting  carrier  was  modulated. 

SUPPRESSOR  -  Resistor  used  to  reduce  or 
prevent  oscillation  or  the  generation  of 
tmwanted  RF  signals. 

SUPPRESSOR  GRID  *  (l)  Grid  which  Is 
Interposed  between  two  electrodes,  bothpoel* 
tive  with  respect  to  tl^  cathode,  to  prevent 
the  passing  of  secondary  electrons  from 
one  to  the  other.  Not  to  be  confused  with 
grid  si^ressor.  (2)  Electrode  uaed  in  an 
electron  tube  to  minimize  tl^  effects  of 
unwanted  secondary-electron  emission  from 
the  plate  or  anode. 

SWEEP  GENERATOR  -  Circuit  which  ap- 
plies voltage  or  current  to  the  deflection 
elements  In  a  cathode^ray  tube  In  sucha 
manner  as  to  make  the  deflection  for  the 
electron  beam  a  loiown  function  of  tlme» 
against  whiCh  other  periodically  occurring 
electrical  phenomena  may  be  examined, 
compared,  or  measured. 


SWINOINQ  CHOKE  -  Choke  In  which  the 
effective  inductance  varies  with  the  amount 
of  current  passing  through  It.  It  is  used 
In  some  power  supply  filter  circuits. 

SWITCtDtNG  -  Making,  breaking,  or  changiiig 
the  connections  In  electrical  circuit. 

SYMBOL  (1)  In  writing  or  printing,  a 
conventional  sign  such  as  a  character,  a 
letter,  or  an  abbreviation  used  instead 
of  a  word  or  words.  (2)  Design,  letter, 
or  abbreviation  used  on  diagrams  and  maps. 
In  formulas,  etc.,  to  represent  specific 
cliaracterlstlcs,  quantities,  or  objects.  Radio 
parts  are  often  represented  by  schematic 
symbols  on  circuit  diagrams. 

SYMMETRICAL  -  Balanced,  therefore  hav- 
ing equal  characteristics  on  each  side  ol 
a  Central  line,  position^  or  value. 

SYNCHRO  *  A  synchronous  electric  motor, 
used  in  pairs,  or  multlunlt  installations 
to  telemeter  angular  motion,  both  In  speed 
and  total  movement. 

SYNCHRONISM  *  (1)  Relationship  between 
two  or  more  periodic  quantities  of 
the  same  frequency  when  the  phase  dif- 
ference between  them  Is  constant.  (2)Applled 
to  the  synchronous  motor,  the  condition  tmder 
which  the  motor  runs  at  a  speed  which  Is 
directly  related  to  the  frequency  of  the  power 
applied  to  the  motor  and  Is  not  dependent 
upon  other  variables. 

SYNCHROSCOPE  -  (1)  Instrument  used  to 
determine  the  phase  difference  or  degree 
of  synchronism  of  two  AC  generators  cr 
two  AC  quantities.  (2)  Oscilloscope  on  which 
recurrent  pulses  or  wavefbrms  may  be  ob- 
served, which  Incorporates  a  sweep  gen* 
erator  that  produces  on  sw^ep  fbr  each 
pulse.  The  sweep  usually  is  veiy  fast  to 
permit  display  at  slkort  pulses. 

TANK  CIRCUIT  -  (l)  Tuned  circuit  used 
to  store  energy  temporarily.  (2)  Parallel 
resonant  circuit. 
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TAP  -  Of  a  tranflformor,  2  connection 
brought  out  of  a  winding  at  oome  point 
between  ite  extromltiee,  usually  to  permit 
changing  the  vtfltage  ratio. 


TAPPED  RESISTOR  *  Wlre-wotmd,  fixed 
resistor  having  one  or  more  additional 
terminals  along  Its  length,  generally  for 
voltage-divider  applications. 


TEMPERATURE-COMPENSATING  CAPAC- 
ITOR -  Capacitor  whose  capacitance  varies 
with  temperature  In  a  known  and  predict- 
able manner,  Uded  extensively  In  oscillator 
circuits  to  compensate  for  changes  in  the 
values  of  other  parts  with  temperature 
change. 


TERMINAL  -  (l)  Fitting  to  which  electrical 
connections  are  made.  (2)  Final  station  In 
a  radio  relay  system. 


TERMINAL  BOARD  -  Insulating  t»ase  or 
slab,  equipped  with  terminals  for  connecting 
wiring. 


TERTIARY  WINDING  -  Winding  added  to  a 
transformer  In  addition  to  the  conventional 
primary  and  secondary  windings  such  as  for 
suppressing  third  harmonics  or  for  making 
connections  to  a  power-factor  correcting 
device. 


TESLA  COIL  -  An  Induction  coll  used  to 
develop  a  high  frequency,  high  voltage 
discharge. 

TEST  LEAD  -  Flexible  insulated  lead  used 
chiefly  for  connecting  meters  and  test  In- 
struments to  a  circuit  under  test. 

TEST  PROD  -  Sharp  metal  point  provided 
with  an  insulated  handle  and  means  for 
electrically  connecting  the  point  to  a  test 
lead*  It  Is  used  for  maidng  touch  connection 
to  a  circuit  terminal. 


TEST  SET  «  Item  of  communications^ 
electronics  equipment  which  Is  usedtolocnte 
faults  and  troubles  In  circuits  wdequlpment, 


TETRODE  -  Four-electrode  electron  tube 
containing  an  anodej  a  catbodsj  a  control 
electrode,  and  one  additional  electrodej 
ordinarily  in  the  nature  of  a  grid, 

THERMAL  AGITATION  «  Movements  of  the 
free  electrons  In  a  material,  due  to  heat. 
In  a  conductor,  they  produce  minute  ptflses 
of  current.  When  these  occur  at  the  Input 
of  a  high-gain  amplifier,  the  fluctuations  are 
amplified  together  with  signal  currents  and 
heard  as  noise. 

THERMIONIC  EMBSION  -  (1)  Uberation  of 
electrons  due  to  the  temperature  rise  of  a 
cathode  alone,  quite  Independent  of  any  other 
electrodes  within  the  tube.  (2)  Electron 
emission  from  a  solid  bodjr  as  a  result  of 
Its  elevated  temperature. 

THERMI3T0H  -  An  electronic  device  which 
makes  use  of  the  change  of  resistivity  of  a 
semiconductor  with  changes  In  temperature. 

THERMOCOUPLE  -  Device  consisting  of 
two  dissimilar  metals  in  pl^slcal  contact, 
thereto  forming  a  thermojunction  across 
which  a  voltage  Is  developed  when  the 
Junction  Is  heated*  An  Instrument  comprising 
a  thermocouple,  or  thermocouples,  connected 
to  a  meter  calibrated  In  units  oftemperature 
Is  one  of  many  types  of  pyrometers  (used 
to  measure  high  temperatures).  A  thermo- 
couple heated  by  RF  current  and  connected 
to  a  DC  meter  serves  as  an  RF  ammeter 
when  the  meter  is  calibrated  In  current,  and 
as  an  RF  voltmeter  when  the  meter  is  cali- 
brated in  volts. 

THREE-PHASE  CIRCUIT  -  Combination  ot 
circuits  energized  \jy  alternating  electro- 
motive forces  which  differ  In  phase  by 
one-third  cycle  or  120  electrical  degrees. 
NOTE:  in  practice,  the  phase  may  vary 
several  degrees  from  the  specified  angle. 
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THRESHOLD  -  Point atwhlchaneffoctlalirdt 
produced^  otwervablfl  or  otherwise  Indicated 

THYRATRON  -  Hot^cathode  gaa^dlflcharge 
tubo  in  which  one  or  more  electrodea  are 
employed  to  control  electrostatically  (with 
grids)  the  starting  o(  the  unidirectional 
current  How.  Used  as  contrtdled  loctltlers 
(or  electronic  switches  that  close  a  circuit. 

THVHISTOR  -  Eistable  semiconductor  device 
comprising  three  or  more  Junctions.  Atleast 
one  function  can  switch  between  reverse  and 
forward  polarity  within  a  single  quadrant  of 
the  anode-to**cathode  voltage- current  char* 
acterlstlcs.  Generlcallyi  the  term  includes 
silicon  controlled  rectltlerSi  gate  control 
swltchesj  and  multi-layer  two-terminal 
devices. 

THYHITE  -  Silicon  carbide  ceramic  material 
having  nonlinear  resistance  characteristics. 
Above  a  critical  voltagSi  the  resistance  (alls 
considerably. 

TICKLER  COIL  -  Small  coll  connected  in 
series  with  the  collector  or  plate  circuit  o( 
a  transistor  or  tube,  and  inductively  coupled 
to  a  base  Or  grid-circuit  coil  in  order  to 
establish  feedback  or  regeneration.  Used 
chiefly  in  regenerative  detector  circuits* 

TIGHT  COUPLING  -  (1)  Degree  o(  coupling 
in  which  practically  0(  0(  the  magnetic  lines 
o(  force  produced  by  one  coil»  link  a  second 
coil.  (2)  More  than  enough  coupling  to  give 
maximum  transfer  o(  energy  at  the  resonant 
frequency*  Greater  than  optinmm  coupling. 

TIME  CONSTANT  -  Time  required  (Or  an 
exponential  quantity  to  change  Yiy  an  amount 
equal  to  0L632  times  the  total  change  that  will 
occur.  In  a  capacitor- resistor  circulti  it  is  the 
number  o(  seconds  required  fbrthe  capacitor 
to  reach  63.2  percent  o(its  full  charge  alter  a 
voltage  is  applied.  In  an  inductor- resistor 
circuiti  it  is  the  number  o(  seconds  required 
(or  the  current  to  reach  63.2  percent  of  its 
final  value.  The  timeconstantinsecondsof  an 
inductor  having  an  inductance  L  in  henrys  and 
resistance  R  in  ohms  is  L/R*  The  time  con*^ 
stant  of  a  capacitor  having  a  capacitance  of  C 
in  farads  in  series  with  a  resistance  R  in 
ohms  is  RC. 


TIME-DELAY  aRCUIT  -  Circuit  that  delays 
the  transmission  of  an  Impulssi  slgnali  or 
performance;  a  definite  desired  period  of  tlme« 

TIMER  -  (1)  Assembly  of  electric  circuits 
and  associated  equipment  which  provides  the 
following:  ;rigger  pulses,  sweep  circuits^ 
Intenslfler  pulsesi  gate  voltageSi  blanking 
voltagesi  and  power  supplies.  An  important 
feature  of  a  timer  le  that  the  various  output 
events  are  synchronls&ed  with  respect  to  each 
other.  (2)  Part  of  an  electronic  circuit  which 
starts  pulse  transmissionandsyncbronlzesit 
with  the  beginning  of  indicator  sweep,  timing 
of  gates,  range  markers,  etc. 

TINNED  WIRE  -  Copper  wire  that  has  been 
coated  during  manufacture  with  a  layer  of 
tin  or  solder  to  prevent  corrosion  and 
simplify  aolrlering  of  connections. 

TOGGLE  SWITCH  -  Two-pOeitiOn  switch 
which  may  be  flipped  from  side-to-slde 
to  open  Or  close  circuits. 

TOLERANCE  -  (1)  Maximum  error  orvaria- 
tion  from  the  standard  permissible  in  a 
measuring  instrument.  (2)  Maximum  elec- 
trical or  mechanical  variation  from  sped* 
fications  which  can  be  tolerated  without 
impairing  the  Operation  of  a  device. 

TOROID  -  An  Object  having  a  shape  similar 
to  a  doughnut. 

TOURMALINE  -  Strongly  piezoelectric  nat<* 
Ural  or  synthetic  crystal. 

TRACE  -  (1)  Pattern  that  appears  on  the 
screen  of  a  cathode-ray  tube*  (2)  Visible 
line  or  lines  appearing  on  the  screen  of  a 
catbode-ray  tube  as  a  result  of  the  deflection 
of  the  electron  stream. 

TRACKING  -  (I )  Process  of  keeping  a  radio 
beam,  or  the  cross  hairs  of  an  optical  sys- 
tem, set  on  a  target  and  determining  the 
range  of  the  target  continuously.  (2)  Mainte- 
nance of  proper  frequency  relations  in  cir- 
cuits designed  to  be  simultaneously  variedby 
gang  operations.  (3)  Condition  in  which  all 
tuned  circuits  in  a  receiver  follow  accurately^ 
throughout  the  tuning  range^  the  frequency 
indicated  t^  the  tuning  dial. 
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THANSCONDUCTANCE  -  Of  a  aeld  effoct 
tranAlBtoti  the  chftngo  In  drain  current  caused 
by  a  chaise  la  gate  vdltage  divided  by  the 
change  In  gate  voltage,  vrlth  draln-to-aource 
voltage  constant*  Of  a  vacuum  tube,  the 
change  In  plate  current  divided  by  the  change 
In  grid  v<dtage  that  causes  the  change  In 
plate  currenti  plate  voltage  held  constant. 
It  Is  also  called  mutual  conductance. 

TRANSDUCER  "  Device  by  means  <rf  which 
energy  can  flow  from  one  or  more  trans- 
mission systems  to  one  or  more  other 
transmission  systems*  NOTE:  Energytrans- 
mltted  by  these  systems  may  be  of  any 
form  (e«g*i  It  may  be  electrical,  mechanical, 
or  acouatlcal)|  and  It  may  be  of  the  same 
form  or  different  forms  In  the  various  In- 
put and  output  ^syst  ems*  Microphones  or  loud- 
speakers which  convert  mechanical  vibra- 
tions or  sound  waves  Into  electrical  energy, 
and  vice  versa,  are  samples  of  atransducer* 

TRANSFORMER  -  An  electric  devlcsi  with- 
out moving  parts,  which  by  electromagnetic 
Induction  transforms  electric  energy  from 
one  or  more  circuits  to  one  or  more  other 
circuits  at  the  same  fre<iuencyi  usually  vrith 
changed  values  of  voltage  and  current 

TRANSIENT  -  (1)  Instantaneous  ^  surge  <A 
v(dtage  or  current  which  occurs  as  the  result 
of  a  change  from  one  steady-state  condition 
to  another*  (2)  Phenomenon  which  takes 
place  In  a  system  owing  to  a  sudden  change 
In  conditions  and  which  persists  for  a  rela- 
tively abort  time  after  the  change  has  oc- 
curred. (3)  Distinct  line  or  serles<rf  lines 
perpendicular  to  the  direction  of  scanning 
produced  in  the  recorded  copy  immediately 
following  a  sudden  change  in  density.  (4)  A 
damped  oscillatoiy  quantity  occurring  in 
the  output  <A  a  system  as  a  result  of  a  sudden 
change  in  iapisX* 


TRANSISTOR  TESTER  -  Test  instrument 
to  Indicate  condition  of  transistors  used  In 
electronic  equipment. 

TRANSIT  TIME  -  The  time  taken  for  a 
charge  carrier  to  transverse  a  given  path, 

TRANSMISSION  -  (1)  Transfer  of  electric 
power  from  one  location  to  another  over 
conductors.  (2)  Dispatching  of  a  slgnalj 
messagSi  or  other  form  of  Intelligence  by 
means  of  wire,  radio-telegraphy,  telephonvi 
or  fasclmile. 

TRANSMISSION  UNE  ^  (1)  Material  struc- 
ture forming  a  continuous  path  from  one 
place  to  anotheri  for  directing  the  trans- 
noisslon  of  electromagnetic  energy  along 
this  path.  (2)  Conductor  or  series  of  con* 
ductors  used  to  cariy  electrical  energy 
from  a  source  to  a  load. 

TRANSMITTEB  -  (1)  The  ^aratus  for  the 
production  and  modulation  of  radio- frequency 
energy  for  the  purpose  of  radio  communi- 
cation* (2)  A  term  applied  to  that  part  of  a 
radio  or  radar  set  where  the  radio-frequency 
oscillations  are  generated  and/or  amplified. 
(3)  Device  for  converting  sound  waves  to 
electrical  waves* 

TRAVELING-WAVE  TUBE  -  An  electron 
tube  in  which  a  beam  of  electrons  Inter- 
acts continuously  with  a  guided  electro- 
magnetic wave  to  produce  amplification  at 
ultra-high  frequencies* 

TRIGGER  -  (l)  To  start  action  by  means  <A 
One  circuit.  In  another  circuit  which  then 
functions  for  a  period  cH  time  under  Its  ovm 
control*  (2)  Short  pulse,  either  positive  or 
negatlvoi  which  can  be  used  to  set  Into  motion 
a  chain  <A  events* 


TRANSISTOR  -  An  active  senoiconductor 
device  with  three  or  more  electrodes* 

TRANSISTOR  BASE  -  A  region  which  lies 
between  an  enoitter  and  a  collector  <A  a 
transistor,  into  which  minority  carriers 
are  injected. 


TRIMMER  CAPACITOR  -  Variable  capacitor 
assocated  with  another  capacitor  and  xised 
for  fine  adjustment  <A  the  total  capacitance. 

TRIODE  *  Three^electrode  vacuum  tube 
containing  an  anode,  a  cathode,  and  a  con- 
trol grid. 
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TRISISTOR  -  A  new  fant-^ftwltchinc  semi- 
cooductori  coiultttlntc  of  ui  alloyed  Junction 
PNP  device  In  which  the  collector  In  a 
coolugate  emitter^  that  1b  capable  oteleetron 
injection  lnb3  the  ba«e« 

TRUE  POWER  ^  Averaite  value  of  power 
coiunimed  fay  a  circuit  during  one  com* 
plete  cycle  ot  alternating  current;  apparent 
power  multiplied  by  the  circuit  powerfacton 

TUBE  -  Vacuum  tube^  80  named  becauBe 
of  Its  ofteadme  tube-ahaped  glass  or  metal 
eaTelQf>ef 

TUBE  TESTER  ^  Test  Instrument  designed 
to  indicate  tbe  condition  of  vacuum  tubes 
used  in  electronic  equipment* 

TUNED  CIRCUIT  *  Circuit  consisting  of 
inductance  and  capacitance  which  can  be 
adjtisted  for  resonance  at  a  desired  frequency. 

TUNED-PLATE^  TUN£0*GRID  OSCILLA- 
TOR -  Vacuum-tube  oscillator  which  has 
resonant  circuits  in  both  its  grid  and  plate 
circuitSi  with  no  Inductive  coupling  between 
them* 

TUNNEL  DIODE  SEMICONDUCTOR  -  A 
semiconductor  consisting  of  a  PN  Junction 
which  has  been  especially  constructed  to 
optimize  the  characteristics  desired.  It  has 
an  extremely  narrow  Junction  and  large 
impurity  concentratlona  in  both  regions.  In 
operation  ^  the  tunnel  diode  differs  from 
other  types  of  PN  Junctions  in  that  iteichlbtts 
negative  resistance  andthe  current  Is  carried 
by  electrons  thattravelacrossthePNbarrler 
by  quantum  mechanical  tunneling. 

TURNS  RATK)  OF  A  TRANSFORMER  - 
Ratio  of  tbe  number  of  turns  in  tbe  primary 
wiwllng  to  those  in  the  secondary  winding. 

UNBALANCED  LINE  -  Transmission  line 
in  wtkleh  tbe  voltage  on  tbe  two  conductors 
are  not  equal  with  respect  to  ground;  e«g*t 
a  Coaxal  line. 


UNIDIRECTIONAL  -  Flowing  in  only  one 
direction,  such  as  a  direct  current. 


UNIDIRECTIONAL  ANTENKA  -  AntOnna 
that  has  a  slnglsj  well-defined  direction 
of  maximum  radiation  intensity* 

UNIDIRECTIONAL  CURRENT  -  Curknt 
wtklch  has  either  all  positive  or  all  nega«» 
tive  values* 

UNIPOLAR  TRANSISTOR  -  A  transistor 
which  utilizes  charge  carriers  of  only  one 
polarity* 

UNITY  COUPLING  -  Perfect  magnetic  cou^ 
pUng  between  two  colls^  so  that  all  magnetic 
flux  produced  by  the  primary  wiadlng  passes 
through  the  entire  secondary  grinding. 

UPPER  SIDEBAND  *  Higher  of  two  fre- 
quencies or  two  groups  of  frequencies  pro- 
duced by  a  modulation  process. 

VACUUM  -  Condition  where  sufficient  sir 
has  been  removed  from  a  container  so  that 
any  remaining  gas  will  not  affect  the  char- 
acteristics of  the  device  beyond  an  allowable 
amount  Theoretically »  a  perfect  vacuum  is 
an  enclosed  space  from  which  all  the  air 
and  gases  have  teen  removed;  this  is  never 
attained  in  actual  practice. 

VACUUM  TUBE  -  Device  Consisting  of  an 
evacuated  enclosure  containing  a  number  of 
electrodes  (two  or  more)  In  wtUch  conduction 
of  electricity  takes  placet  unaffected  by  the 
presence  of  gas  or  vapor. 

VACUUM-TUBE  VOLTMETER  -  Device  uti- 
lizing the  characteristics  of  a  vacuum  tube 
for  measuring  voltages. 

VALENCE  -  Measure  of  the  extent  to  which 
an  atom  is  able  to  combine  directly  with 
other  atoms*  It  is  believed  to  depend  on 
the  number  and  arrangement  of  the  electrons 
in  the  outermost  shell  of  the  atom* 

VALENCE  BAND  *  Tbe  range  of  energy 
states  in  th6  spectrum  of  a  solid  crystal 
in  wtUch  lie  the  energies  of  the  valence 
electrons  wtUch  bind  tbe  crystal  together* 

VARACTOR  -  Two-terminal  device  in  which 
the  electrical  characteristic  of  interest  is  a 
voltage  dependent  capacitance. 
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VARIABLE  INDUCTANCE  -  Coll  (Inductor) 
In  which  Inductance  value  can  bo  varied. 

VAfllABLE-MU-TUBE  ^  Vacuum  tube  In 
which  the  wires  of  the  grid  are  Irregularly 
spaced,  to  that  at  dltterent  points  within 
the  operating  range^  the  grid  exercises  a 
dltferaot  amount  of  control  on  the  electron 
stream.  This  shifts  the  operating  point  from 
one  section  of  its  characteristic  curve  to 
anotheri  thus  cf.inglng  the  amplification 
factor 

VARIABLE  RESISTOR  ^Wlre^woundorcom- 
posltlon  reslator,  the  value  of  which  may 
be  changed. 

VARIABLE  TRANSFORMER  -  IrOn-Core 
transformer  having  provisions  for  vaiylng 
Its  output  voltage  over  a  limited  range  or 
continuously  from  zero  to  maximum  output 
voltage,  generally  tsy  means  of  a  contact 
arm  xnorlng  along  exposed  turns  of  the  sec- 
ondary winding* 

VARIAC  -  Trade  name  for  an  autotrans* 
former  with  a  toroidal  winding  with  a  rota- 
ting carbon  brush,  giving  a  continuously- 
adjustable  output  voltage  from  zero  to  line 
voltage  plus  17  percent* 

VARISTOR  -  A  2-termlnal  resistive  element 
composed  of  an  electronic  semiconductor  and 
suitable  contacts  which  has  a  markedly  non- 
linear volt-ampere  characteristic*  NOTE: 
Varistors  may  be  divided  into  two  groups, 
symmetrical  and  nonsymmetrical,  based  on 
the  symmetry  or  nonsymmetiy  of  the  volt- 
ampere  curve* 

VECTOR  DIAGRAM-  Arrangment  of  vectors 
showing  the  relations  between  alternating 
quantities  having  the  same  frequency* 

VECTOR  QUANTITY  *  Quantity  that  has  both 
magnitude  and  direction.  Examples  of  plqrsl- 
cal  quantities  that  are  vectors  are  dls* 
placement,  velocity,  force,  and  magnetic 
Intensity* 

VIBRATOR  -  (1)  Electromagnetic  device 
which  Is  used  to  change  a  continuous  steady 
current  into  a  pulsating  current.  (2)  Vibrating 


reed,  driven  like  a  bu^zer^  with  contacts 
arranged  to  supply  direct  current  to  two 
windings  of  a  transformer  so  that  alternating 
current  is  supplied  from  another  winding  to 
the  load. 

VIDEO  *  (1)  Latin  word  meaning  "I  see." 
It  is  applied  as  a  prefix  to  the  name  of  the 
television  parts  or  circuits  which  cariy 
picture  signals.  (2)  Radar  or  television  sig- 
nals which  actuate  the  cathode-ray  tube; 
frequencies  extending  from  approximately 
60  hertz  to  several  megahertz*  (3)  Pertain- 
ing to  the  bandwidth  and  spectrum  position 
of  the  signal  resulting  from  television  scan* 
nlng.  NOTE:  In  current  usage  video  denotes 
a  bandwidth  in  the  order  of  megahftrtz  and 
a  spectrum  position  that  goes  with  a  DC 
carrier* 

VIDEO  AMPUFIER  -  Wideband  amplifier 
capable  of  ampUfylng  video  frequencies* 

VIDEO  fRGQUEMCY  -  (1)  Band  of  fre- 
quencies extending  from  approximately  100 
hertz  to  several  megahertz.  (2)  Frequency 
of  the  voltage  resulting  from  television 
scanning*  Range  from  0  to  4  megahertz  or 
more. 

VIRTUAL  CATHODE  -  Electron  cloud  that 
forms  around  an  outer  grid  in  a  thermionic 
vacuum  tube  when  an  inner  grid  is  main- 
tained at  a  slightly  positive  potential  with 
respect  to  the  cathode. 

VOICE  COIL  -  Moving  coU  which  activates 
the  diaphragm  of  a  dynamic  speaker* 

VOICE  FREQUENCY*  Frequency  lying  with- 
in that  part  of  the  audio  range  which  is 
employed  for  the  transmission  of  speech. 
Voice  frequencies  used  for  commercial 
transmission  of  speecb  usually  lie  within 
the  range  of  200  to  3,500  hertz* 


VOLT  -  Ibilt  of  electromotive  force  or 
electrical  pressure.  One  volt  is  the  pres- 
sure required  to  send  1  ampere  of  current 
through  a  resistance  of  1  ohm* 
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VOLTaOE  "  (1)  Term  uBed  to  Jilgnlfy  olec- 
trlcal  proit^uro.  Voltage  is  a  force  which 
cautios  curront  to  flow  through  an  electrical 
conductor.  (S)  Voltage  of  a  circuit;  the  great- 
est etfeciive  difference  of  potential  between 
any  two  conductors  of  the  circuit  concerned. 

VOLTAGE  AMPUFIEF  -  Amplifier  desig- 
nated primarily  to  Increase  the  voltage  of  a 
signal. 

VOLTAGE  DIVIDER  *  Fealfltor  which  Is 
connected  across  the  output  of  a  power 
source  ^th  mechanical  provisions  for  con- 
necting the  local  load  circuits  In  parallel 
across  part  or  all  the  resistor,  thereby 
obtaining  the  desired  voltage. 

VOLTAGE  DOUBLEF  -  Voltage  multiplier 
which  separately  rectifies  each  half  cyrte 
of  the  applied  alternating  voltage  and  adds 
the  two  rectified  voltages  to  produce  adlrect 
voltage,  the  amplitude  of  which  Is  approxl-^ 
mately  twice  the  peak  amplitude  of  the 
applied  alternating  voltage. 

VOLTAGE  DROP  ^  Difference  in  voltage 
between  two  points.  It  Ifi  the  result  of  the 
loss  of  electrical  pressure  as  a  current 
flows  through  an  Impedance. 

VOLTAGE  GRADIENT  -  Uniform  rate  of 
voltage  change  across  the  resistive  material. 

VOLTAGE  NODE  -  Point  having  zero  volt-^ 
age  in  a  stationary  wave  system.  A  voltage 
node  exists  at  the  center  of  a  half-wave 
antemia^ 

VOLTAGE  RATING  *  Maximum  sustained 
voltage  that  can  safely  be  applied  to  an 
electrical  device  without  risking  the  pos-^ 
siblllty  of  electrical  iosulatltti  breakdown. 

VOLTAGE  RATING  OP  A  FUSE  -  Root- 
mean-square  AC  voltage  or  the  DC  voltage 
at  which  it  Is  designed  to  operate. 

VOLTMETER  -  (1)  Instrument  for  meas« 
urlng  potential  difference;  may  be  calibrated 
in  volts,  mlcrovoltSi  millivolts^  orkllovolts. 
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VR  TUBE  -  Gaa-illled  electronic  tube  which 
has  the  property  of  maintaining  a  nearly 
constant  voltage  Across  its  terminal  over  a 
considerable  range  of  current  through  the 
tube.  Used  in  electronic  Voltago  regulators. 

WATT  -  Practical  unit  of  electric  power.  It 
ie  the  power  required  to  do  work  at  the  rate 
of  1  Joule  per  second.  There  are  746  watts 
in  1  hoursepower. 

WATTAGE  RATING  -  Rating  expressing  the 
maximum  power  that  a  device  can  safely 
handle. 

WAVE  *  Propagated  disturbance,  usually 
periodic  such  as  a  radio  wave  or  sound 
wave.  U  the  periodic  motion  Is  regular  and 
recurring,  the  wave  is  said  to  be  periodic; 
if  not  recurring,  it  Is  said  to  be  aperiodic 
or  damped. 

WAVEGUIDE  '  (1)  Broadly,  a  system  of 
material  boundaries  capable  of  guiding 
electromagnetic  waves.  (2)  Specifically,  a 
transmission  line  comprising  a  hollow  con- 
ducting tube  within  which  electromagnetic 
waves  may  be  propagated;  or,  a  s(did  di- 
electric or  dielectrlc-fllled  conductor  for 
the  same  purpose. 

WAVEGUIDE  CUTOFF  FREQUENCY  -  Fre- 
quency limit  of  propagation  along  a  wave- 
guide for  waves  of  :^givenfleldconflguratlon. 

WAVELENGTH  -  Wavelength  is  the  distance 
traveled  in  one  period  or  cycle  by  periodic 
disturbance.  It  Is  the  distance  between  cor- 
responding phases  of  two  consecutive  waves 
of  a  wave  train*  A  wavelength  is  the  quotient 
of  velocity  divided  by  frequency. 

WAVESHAPE  -  Graph  of  the  wave  as  a 
function  of  time  or  distance. 

WHEATSTONE  BRIDGE-  NulUtype 
resistance-measuring  circuit  in  which  re- 
sistance is  measured  by  direct  comparison 
with  a  standard  resistance. 

WIEN  BEEDCE  -  Network  of  resistors  and 
capacitors  which  has  voltage  characteris- 
tics, with  respect  to  frequency,  similar  to 
those  of  a  tuned,  Inductance-capacitance 
circuit,  used  for  measuring  frequencies. 


65 


WINDING  -  One  or  more  tunui  of  irtrt 
forming  a  conttnuoua  coll  for  si  traiutformor^ 
rotatlBg  ouichlnA^  or  other  device. 

WIDE  -  Solid  or  atranded  group  of  ecdld* 
cylindrical  conductom  having  low  realet^ 
ance  to  current  Hoit,  with  2af  aeeoclated 
Ineulatloii. 

WIRE-WOUND  RESISTOR  -  Reeletor  utUl£- 
lng«  the  reeistance  element^  a  length  of 
blgh-realatance  wire  or  ribbon  ^vouod  on  an 
Ineulatlng  form. 

WIRING  DIAGRAM  -  Drawing  that  ebowe 
electrical  equipment  an4/or  component  parts 
together  with  all  the  wiring  that  inters 
coonectB  this  equipment  an4/or  parts. 

WORKING  VOLTAGE  -  Voltage  rating.  In 
an  electrolytic  capacitor^  It  Is  the  highest 


voltage  that  can  be  applied  coutlmiously  with 
safety. 

YAOt  ANTENKA  -  Typo  Of  directional 
ftntenna  array^  usually  consisting  of  one 
driven  ona-half  wavelength  dlpole  section^ 
one  parasltlcally  excited  reflector^  awl  sev- 
eral parasmcally  excited  directors. 

ZENER  BREAKDOWN  -  Qt  a  semlCciDductor 
dlode^  a  breakdown  that  is  caused  by  the 
field  emission  of  holes  and  electrons  in  the 
depletlm  layer. 

ZERO  BEAT  *•  Condition  where  two  fre- 
quencies which  are  being  mixed  are  exactly 
the  same«  therefore  produce  no  beat  note. 

ZERO-BIAS  TUBE  -  Vacuum  tube  which  Is 
so  designed  that  it  may  be  operated  as  a 
class  B  amplifier  without  applying  a  nega- 
tive bias  to  Its  control  grid. 
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GRAPHIC  SYMBOLS 


aSNERAIi 

Tht  symbolA  nay  b«  oriented  In  any 
manner  ^th  respect  to  eaeh  other  vltb- 
out  duuifflng  their  meanlngo*  Tbuit  aymbolA 
for  anteniuui,  ground^  chaaelA,  etc*,  may 
"point"  In  any  direction  conrenlent  to  the 
draftfiman  preparing  the  diagram.  Aseoclated 
equipment,  auch  as  measuring  devices,  are 
Identified  as  such  by  using  broken  lines  for 
both  Interconnections  and  symbols*  Terminal 
symbols  may  not  be  used  unless  actually 
required. 

TYPES  OF  DIAGRAMS  USING 
CnAPBIC  SYMBOLS 

1.  BLOCK  DIAGRAMS  *  Block  diagrams 
consist  of  simple  rectangles  and  circles  with 
namesp  connected  with  single  lines  to  show 
the  general  arrangement  of  the  apparatus 
required  to  perfbrm  the  desired  function. 


Direction  of  power  .or  signal  flow  Is  often 
Indicated  by  arrows  near  lines,  or  arrov^ 
heads  on  the  lines  themseWes.  | 

S*  SCHEMATIC  DIAGRAMS  -  Schematic  dia- 
grams show  all  major  components  giraphl* 
cally^  and  their  Inter connecticois*  Many 
schematics  will  Indicate  voltage  and  current 
values^  as  well  as  wave  shapes,  at  specific 
points.  Slngle-llnescbematlcBuseslngls  lines 
to  Interconnect  components^  even  though  two 
or  more  conductors  required* 

3.  WIRING  DIAGRAMS  -  Wiring  diagrams 
are  complste.  In  that  all  terminals  are 
Identified^  all  socket  numbers,  color-^coded 
leads,  rotors  of  variable  condensers^  etc*, 
are  clearly  shovn*Sutflclentdetallandldenti- 
flcatlon  Is  Included  so  that  a  competent 
technician  who  has  no  knowledge  of  the 
operation  of  the  equipment  can  wire  It 
pn^rly. 
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ADJ^STABLI 
L   Contiimouily  «djii«tahl«*  vurlAbU 
AMPUriER 

3«  With  two  inp^t* 

4*  With  two  output* 

y  With  uljiifft^«  gAin 

a*  With  ^■ocl«t«d  •tt«mi«tor 

7.  With  «4«Mi«t«d  pow«r  Mupply 

B.  with  «xt«riui  fMdback  iwth 

Comblimtlofu 

(M«y  b«  with  •inpllll«r  •ymbols 
if  ii««d«d  for  •xplwutioa. ) 

BDG  brldglitg 
BST  booster 
CMP  comPr^Mion 
DC  direct  current 
EXP  «xpanilon 
UM  Umitlnf 
MON  monitorlAtf 
PGM  program 
PBE  preUinlnttry 
PWR  power 
TRQ  torque 

ANTENKA 

Q«  General 

IL  Loop 

L3«  Count* rpoiJ««  aM^om 

ARAESTEB.  UGHTNtMO 
13^  G«ti«ral 
14.  Ctrboo  Mocii 
15«   Electrolytic  or  aluminum  c«U 
19*    Horn  £KP 


\j/  to.  — II  


13. 


IX  — 14.  — 00 — 
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Tab*e  of  Graphic  Symbol*  (contd) 


1 


AAAeaT£m  UQHTNtNQ  <ConUnu«d> 
I*    Pr<rt«cllv«  g«P 

3.  Vtlv*  or  rilm  AUmAivt 

4.  MuiUg4p 

ATTEmJATOtt,  nXED 

34*  tUo  PAD  U^m*  •ymboU  m  v4rUbl« 
4tt«ivuAtor  without  Adj\i4tm«nt  Arrow*  > 

ATTBmJATOR  VAIUABLB 

St  O^MrAl 

AUDIBLE  SiGNALtNQ 
DEVICE 

0.  BeU 

9.  BuftUr 

tO«  Loudspeaker 

Loudtp«ak«r  Latt«r 
Comblnatloni 

tAtterltk  <*)  ud  dtggf  r      v«  not 

pari  ot  4]rB^boL ) 

«HN  horn*  «l«ctrlCAl 
•HW  howter 
*LS  loudi«p«*k«r 
*SN  4ir«n 

tEM  el«ctroin4gD«tic  with  moving  coll 
tCMN  «l«ctrom«8ii«tiCt  movinf  coll 

Mi  rMutr«lit«d  winding 
fMQ  iDAgn«tic  Armature 
t  PM  portnuent  mftgnot 

lit   Sounder,  tolegraph 

BATTERY 

13*   One  c«U 
11,  MulticeU 
Ut    Multicell  with  tAfw 
15*    Multlcell  with  «4]u«t«bl«  tap 
CAPACITOR 

ttt  General 


11. 


15* 


to. 


-0*1 


la. 


— Itlh- 


Hl-T-ll- 


-*'T77l^ 


168 


69 
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a* 


a. 

9. 
10. 

11. 
11 


CAPACtTOA  {Continutd) 

A4)u«til9l«     varUblt  with 
miotutalcAl  llAkAf* 


PbMt  •hifttr 

Split  «t«u^ 
FMd*tht«ugh 

CELL*  PHOTOeiCHStTlVE 
AvytnnttirieAl  photoconductiiM  truwlue*r 
SymmttrlcAl  photocowlueUvt  triatduc«r  9* 
PhotovoLUlc  trm4uo«r 

ClBCmTBMAlCER 

CmCUlT  ELEMENT 


L«tt)ftr  Co<nblMtt<w 
for  CUcult  St*m«iitft 

<*A«ttiisk  not  part  of  ayniboL  > 

CLK  clock 
DlALUUplkOD*  dlAl 
EQ  •qyAliKcr 
PAX  fac#liaUt  tct 
FL  tllUr 

PL*BE  filter*  band  •Utnlitatlon 

PL-8P  fUttr*  band  pau 

PL-HP  nittr*  high  pact 

PL^LP  nitar*  low«>pa«t 

tND  indicator 

PS  po««r  #uppl7 

nU  rtpro^tttfilac  unit 

EO  r«eordini  uMt 

TEL  talaphOM  atatlMi 

TPR  ttl«prlottr 

TTY  t^latyptwrltar 


11. 


T 


-L 
T 


) 


)0. 


11. 


CEI 
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I     ON  ^ 


4, 


1.   Earth  cround 
uiarUka.) 


St 


4. 


CLVTCHI  BRAKE 

4.   Clutch  dl««Hgaft4  vIub  op«r«ilBi 
maAiu  da«iMrgiMd 

9.   Clutch  •ili»tf«d  «p«rfttliig 
m««iM  da«ii«rgU«d 

ft.   BrtikM  «ppli*d  when  op^rstlnf  m««iM 
•MrflBed 

T.   Brtke  r<Uu«d  «1i«d  opMratlog 
rntuw  ciMrclMd 

CGU^«  OFSmXTIKG 
(RELAY) 


10. 


Dot  ftbowft  luMr  «nd  of  wladtnf 
COKNBCTlCm.  UECHAmCAL 


10.  WUbMt  AtltrttM 

11.  WithAilcmm 


11. 


7X 
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COKNECTOn 

3<    Mil*  conUct 

y    9«puril>lM  tocuMCtora  (Mfagad} 

i.    CouIkI  ooiUMOtdr  with  oiutald* 
conductor  curried  through 

9.    Two-condMctor  awltchbcurd  J*clt 

TWo-coiadMctor  awltchboftrd  pluf 

T.    FcniKlc  contact  <cMmnl«occ  ouU«ta 
Mfd  mfttlng  coniMctorc) 

6,    Mk1«  cont&ct  fconvanlcnca  outl*ta 
and  mii^  conn«ctora> 

0-    Two-conductor  nonpolmriMd 
conntctor  with  fcnMi*  contftcta 

10.  Two'- conductor  pdtfisad 
conooctor  with  mala  contacta 

)Miv*giUd*  Ftmngei 
11-    M«t«d  ffanaral) 
13«    PUln  trtctanfuUr  wav^fulde) 
11»    Choka  trectuful«r  w&iraguldtf} 
CONTACT.  O^ECTRICAL 

11.  FU)«d  contact  for  Jack^  k«y  or  ralay 
19.    FUad  contact  for  awltch 

Ifl.  Plxad  cont&ct  for  monMntwY  awltch 

IT,  SU*va 

la,  Movlnff  contact*  adlu«tabla 

ig.  Having  contact,  locklnf 

30.  Moving  contact,  nonlocking 

)1.  S«cnMnL  bridging  contact 

22.  Vibrator  raad 

Vlbrntor  ipUt  reed 

Si.  AotAtlng  contact  Ullp  .Inv  ond  contoct) 


11. 


19. 


IT. 


Ifl. 


)1. 


as. 


*o«  — ^ 


10. 


12. 


li. 


16* 


18. 


^0«  JOB— » 


'on  < 


on  4 


22. 


34. 


2i' 
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CONTACT*  CLBXITRtCAL  ^Co<itlnu«4) 

3,  Op«n  oont«ctf  mftk« 

3*  TrMuf«r 

^  M4k«*b«for«*br«ftk 

5t  Op«it  conttct  with  tltii«-clo«tAi 
or  titna-daiay*  cloviAg 

Cl0««4  comftct  with  tiin«*op«cttit< 
Oir  tlm«*dalAy*op«ciln| 

7.    TLCM*««qU"ttitl*  cloving 

COAC 

Air  c<»r« 

No  Symbol 

flL    MAgn«tic  corv  of  litductor  or 
irMkMttjirnmr 

0*    C<tf>  of  ms^ittfl 

10.  COUHTBR^ 

ELECTROMECHANICAL 

COUPLER*  DIRECTIONAL 

1 L  G«iMrtl 

IX    E«plww  apcrturv  coupling, 
30«ilb  lo«< 

13*  Loop  coupUnf  f  30*db  loaa 

K  Probo  coupling,  30*ctb  loa« 

15,  Re«l«tftnc«  ooapllng.  30*^  io#< 

le.  COUPUHG 

<By  4p«rtur«  of  le««  tlwn  w«v*guldo 
«ls«) 

<R4Plac«  wtorUk  <*)  by  £,  H  or  HE 
dap«iidlag  upoo  typ«  of  coupUag  to 
CulOsd  tranjmiMiott  pMh. ) 

DELAY  FUNCTION 

ITi  G«ntrtl 

15,  T»pp*ddeUx 

<R4pUc«  uUrUk  <•)  with  v«I««  of 


3. 


11* 


13. 


15. 


11* 


JL  J, 
TC  OB^TOC 


ii\,ni-i 

-r 


X 


3000 


XI 


300ft 


10, 


12, 


U* 


10, 


It, 


^0«*— 0«*^ 


TO 


TOO 


3000 


XI 


300ft 


© 


!•  I*  I* 
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DUIKCTION  Oi*  P'l'OW 

I.  Ont  w«y 
1*    Both  w«yt 

DtSCOMnNUllT 
J.    EquivMltnt  ttrltt  tUmtnt 

5.    liMhictlvt  r#>ct«nct 

4,    liMhictuict*c«p«cltAact  circuit, 
Intinitt  r#A«titfC«  M  r#toiiaiict 

T.    Iflductinct*c«p>cit«B«t  dtcuU, 
itro  rvftctinct  at  r#toninct 

a.  Rttltttnct 

9.  Equi¥Ml«nt  thiunt  tltmtpi 

10,  C«p«cit|v«  mttc<pft«iict 

I I.  Conduct  AAC* 

12.   Inductive  tuttceptAiic* 

IJ.    IiMlucttiic«*capaicltsnct  circuit 
with  infiQllt  vutceptuct 


20.    lockically  heated  cftthod*  witb 
•upplem«ntary  haatlAg 


21.  Grid 

22.  D«lltcting  attcttode 


on 


14.  lAducUoct-captcltanct  circuit 

wltb  MtO  iilMC«pt«DC«  ftt 

r«Mnanc« 

ELECTRC^  TUBE 

15.  Clractly  iwated  cftttiodv  b«Attt 

IS4    IiMltrvctlr  b«at«d  cathod* 

IT,    Cdd  catbod« 

(Including  Lonlcally  h«at«d 
cathode) 

18.  Photocathoda  ^ 
L9.    Pool  cftthod« 


19-  ^  11. 


21.    33. 


74 
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£LCCTnON  TUDS  (Conllnutd» 

3.  Afiock  or  platt 

4.  T4rg«t  or  tf-ray  wiodt 
9.  Dynodt 

4.  Compoflito  Bni>d«-photocathodt 

7,  Compo«ltt  uioito-'cotd  cathodt 

a.  Cat»po«lt«  wioito-' ionic  Ally  httttd 
c&thod*  with  tupptlAtnanUjy  h««ting 

9.  Shield*  within  envtlop*  ind  coniwcttd 
to  a  uriiiiiud 

to.  Out«ld«  tnralop*  of  x^ny  tuib« 

1 L  Coupling  by  loop 

12*  KfWdoTt  cavity  typ*— 
•ingl#-ctvlty  «vtv«io|M  with 
grid  tltctrodat 

13.  n«tonator* -'double -cavity 
«(iiv«lop«  with  grid  tlactrodtt 

14,  KulUc&vlty  mipiatroo  anod*  %nd 
•ov«lopa 

19.  Cnvtlope 

16.  Split  env«10i>« 

17.  Cas-QUed  «nv#lorp« 

1&   Baaing  orlantatloii.  tubaa  with 
keyed  baa«fl 

18.  QaaUifr  tutwfl  with  bayooatti  boAtaa 
or  othttr  referance  poixtu 

20.  Qaaa  tarmlnala 


t7. 


o 


le^ 


3. 


9. 


7, 


11. 


13. 


10. 


12. 


o 


o 


"OO"  CD 


2^ 


21i 
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SLECTAON  TUBK  (Co«linu«d) 

a«   Trl<kd«  with  dlnctly  haMd 

to  bM«  t«nnln«l 
Sf  P«ntod* 

4,  Twin  tflod*  •qulpot«ntl«l  cAthod« 
Coid-c«Uiod«  voit4ftt  r«|ul4tor 

4.  Vacuum  phototube 

MulUpUer  phototubt 

a,  C4thod«'rAy  tubt*  eUotnwtAtlo 
d«n«otlon 

deflvoUon 

10.  M^rcuirypool  tubt  with  Ifnltor 
And  oontroi  giid 

U.  Merourypool  tubt  with  cxoltori 
oofitrol  grid  ud  holdi&ng  uod* 

11,  Slntl«-*>MMSe  pool'tyP^  vmpatt 
r«ctiri«r  with  Ignitor 


IS* 


SkX'Mnodt  nmttl'iMk  pool^typ* 
r«etin«r  with  •ftoltor 


14,   R««on4nt  magnetron  with  ooaxIaI 

output 


15* 


R««onai4t  m«gn«tron  with  ptr-mftiwnt 
magnet 


14. 


III 

fLUliLl  f  1 


-€> 


7* 


12, 


^^^^  "^^<^>^  -J 


10. 
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3*  nifl*!  klystron*  Intttftii  cwvity 

3«  Double-ciibvliy  kly«tran«  loU(r«l 
c«vliy 

4*  Trvi«nrili*r<cilv«  <i*r)  tub* 

5,  X*r«y  tub*  with  itlr«cUy  h«ibt«d 
c«Uk>4«  and  fotiUilAf  frtd 

A«  X-^r^y  tub«  with  cmtrol  vttd 

T,  X-r«y  tub*  with  frwmltd  shield 

8,  Double-focu*  K-'r^y  tub*  with 

9.  X*r«y  tub*  with  oiultiple 
•cc«lf  r«tlnf  electrode 

FUS£ 

10«  G4Eier«l 

11.  HtSh^voliAfe  fUit 

13.  Hi^vollAfe  fu««« 

13.  COVEnNOR 

14,  HALL  GENOtATOR 

HANDSET 
HVBIUD 

16.  C«Qer«l 

IT,   Hybrid  jimctlon 


12. 


OR 
40} 


16. 


13. 


IT. 


-0- 


10. 


14, 


216 
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ltn>UCTCR 

2*    Mm<^«11^*^oi'«  litduotor 
3*   T«ppfd  Inductor 
4«    Adjuftabif  Inductor 

Coatlnucu^ly  ttdj^^tabU  litduotor 
0*   5mtur«blfCor«  litductor  (r«ACtor) 
KEY,  TELEORAPH 
LAMP 

S,    BaUmI  tub* 

9,  Fluorf4C«iit  t*ntp«  two*t*rinlfi4t 
10*  Fluor«4Cf  m  l4nip,  tour  ttrmiiud 
lU  Cdd'CatbQdi  flow  lump*  AC  t7p« 
la*  Cold-c«lhodtt  flow  l&mp*  DC  typt 
13,   Intiafid*4C«nt  Ump 

MACHINE*  ROTATINO 
14*  C«ck«r«lor 
1},  Motor 

le.         maonet*  permanent 

17.  METER 

Mctftr  L«tt«r 
ComblMtlOfii 

(R«pUc*  Mt«rlfk  (*)  with  prpp«r 
Ivtttr  comblnatlocL  } 

A  mmcnftttr 

AH  «inp«r«*hour 

CMA  contMt^maJdiif  <or  brtsklnf ) 
■mmvttr 

CMC  eoirt«ct*maUcif  <or  brttking) 

clock 

CMV  cootpct^maklflf  (or  brtiklnf) 
TQltmatf  r 

CRO  c«lhodtt*ray  o«cillo«cop« 
DB  0ectb«l  nutcr 

DBM  d«cib«L«  retf  md  to  otu  milUwitt 

DM  d«mafid  mcttr 

DTR  d«muul'totalixtai  rtlay 


Off 


IjuJuJ 


a* 


IT 


T* 


10. 


13, 


lU 


 ^  


14. 


13, 


I}. 


Iff* 


IT. 


© 
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CD  ground  d«t«ctor 

INT  lnUffTltlng 

>UA  or  UA  inlcrouni&«Ur 

MA  niiUi«Jiiin«Ur 

NM  n«dA«  m«Ur 

OlUt  <rtiinKn«t«r 

Op  oU  pr««wr« 

OSCO  o«elUogr*ph,  ctrtrti 

PH  ph«a«in«Ur 

Pt  pottlUoa  liidic«tor 

PF  pomwt  fftctor 

AO  r«cardlii|  (ttoiuMt  mt«r 

RCC  r«co(rdlfig 

RP  r«fteti¥«  factor 

SY  •ynchro#cop« 

^*'Uttip«rAtur» 

TUCth«rtn«l  converter 

TLM  Ul«m«t«r 

TT  total  itiM 

V  voltiii«Ur 

VA  v<ilt-Ainni«Ur 

VAR  v«r meter 

VARH  >fcrfiQur  m«t«r 

Vt  volum*  indtcftttng 

VU  ttaiMlttrd  volum«  indie  fttinf 

W  wMtti&#Ur 

WH  vaithour  meter 


S 
ft 
T 
8 
B 
10. 


BQCROPHOKE 
MODE  aUPPRESStON 
MODE  TRANSDUCEH 
MOnON,  MECHANICAL 
4,   Traiulation,  oa«  direction 
TriJUl4Uoo,  both  dir«ctiDn« 
Rotation,  one  direction 
Rotation,  both  direction* 
NETWORK 
OSCIIXATCR 

PAD 


PATH.  TRANSBOSStON 
11*  Ceih«ral 
la^  Wire 

134    Two  ConchrCtOre 


10. 


0 


14, 


DICL 


11* 


13, 


IS. 


IT, 


14.  Air  or  «p«ce  path 

15.  Dietectnc  pnth  other  than  tlr 

18.    Cro#elnx  of  Conductcre 
not  connected 

IT.  Junction 
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PATH»  TftANSMlSSaON  (CoitUnutd) 

U    Junction  ct  coniMcUd  pMh«t 
conductor*  ct  wlr«« 


ft.    A««ocUUd  cti*  future  wiring 

AMOclftttd  or  future  equLpnunt 
(unplifltr  thown) 


2^    Shielded  •ingle*' conductor  cabla  oil 


1 


4.  Tw<^cQnductor  C4bl«  Oft  Oult  if  ntoomtti 

8T  SPACE  LIMITATION  3. 

5.  Shielded  tw<^conductor  cable  wllh 
e  hie  Id  grounded 


a. 


T 

I 

Lli 

+ 


4. 


7. 


6.    Orouptflg  ot  leade 

Alternete  ^  conditional  vrtring 


>>}}> 

0I» 


10.  Circxdftr  waveguide 

1 1 ,  Reel  utgular  wave  guide  j   

PHASE  SHIFTER  ^  Q" 

13^  CenerAl 

13.    AdJueteble  O 


jllajj 

Oft 

LUU 


nCKUP  HBAO 

14.  General 
15^  RecordUxg 
16.  Pleybeck 

ITi    Erasing  1^^  f^*^ 

-H  10. 

13+    Writing,  reading  and  erasing 
19*  Stereo 


14.  --^^  15,  E>  1»^ 


17.   I~0  19.   -l«2>  U. 
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PlKZOELieCTItlC  CRVflTAL 
POLAKlTY 


R£C1CIV<R.  TKLCPHONE 


3*  PoffUlv* 
3*  Negative 

9*  H««l««t 


RECTinER 
(a«pr«Miii«  aity  mtthod  of 

«Uctt-ochimlG^  d«vtc«/  ttc*  ^ 


— 0— 


7.  CMiiroutd  (N-Tjrpo  Gate)  *'  J 


RELAY 

a.  AittmatlAg  current  or  rlnglag 

10.  Put -r 

1 L  M<gn*Uc«Uy  poUri*«d 

11.  Slow-op«rmte 
13.   Slow  reUuv 


0 


Rtiay  Letter  b.  M     "I  a*  161  I 

ComtattuuiockA 

(Not  r«qulr«d  with  #p«ciflc 
*ymk>oU  \ 

AC  «lt«ni«ticif  cumnt 

D  dUT«r«atUl  W  "1  IL 

DB  doubU  bU*«d  ^  ' 

DP  dMhpot 

EP  el«ctrlc4llj  pOlmrl*«d 
FO  tmmX  op«rmt# 
PR  tmmX  r«l<mM 
MG  m«rftiul 
NB  DO  bimm 
HR  aODr««ctlv« 
P  inmcn«ilcaUy  poUris^d 
5A  «low  op«rAt<  «iid  «low  rtUaM 
SO  alow  op«ralo 
SR  *low  r«Uu< 
SW  #ftndvleh  wowwi 


81 
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4 


REStSTOR 

It  G«iMr«l 

t«  T»pp«d  r«tl«tor 

3»  T*pp*^  r«tlttor  with  «dJutUblt 
itontaot 

4.  AdJutttbU  or  contliwoutly 

a,  liuttuiMiit  or  r«Uy  tfauot 

6»  Honllntar  r«tUtor 

7,  Sytnmttrtc«l  vmrlstor 

(Il#pla£»  BotflHika  (*>  with 
IdflntlfloAtlMi  of  tyniboL  > 

a.  RESOKATOA.  TTJNBD 

cAvrrr 

ROTARY  JOINT 

9*  0«iMr«l  (R«plMt  Mt«rlak  (*1 
wUb  trwumiMloQ*p«th 
r«cog^tioo  ayniboL  > 

10*  Ooul^  la  rvctufulv  wragyida 

1 U  ClrcoUr  la  r«eUuifttlAr  «air«t«idfl 

SEMICONDUCTOR 
DEVICES 

IX  Stmlconductor  r«flan  wiih  aw 
ohmlc  eoDDACtton 

IX  SvAlooDidttCtor  r«tidQ  with 
pturftllty  of  ohmic  cDfuwcHoia 

14,  BActlf^int  JUDCtloo.  P  on  N  r«flon 

15,  Rtcttfrlnf  JuDcUon.  N  on  P  r«{lon 
Ifi,   EmltUr*  P  on  N  r«(lon ' 

17.  Plur«Uty  of  P  tmUteiv  on  N  r«fion 

18.  Emitter,  K  on  P  r«iloQ 

Itw  Flnralitjr  of  N  tmttteiv  on  P  r«fion 
aa*  CoUoctor 


6. 


11. 


18. 


IT, 


1«. 


It. 


so. 
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SEMICONDUCTOR 
DCVtCES  <C«itllnti«d) 

dUtlmUwr  conductlvliy 

3,  InirUi«lc  rtflon  b«iw««n  rtflotui 
or  iU««lmiUr  conductivity 

4,  Intrlnvto  rtflun  b«iw««n  rtflm* 
of  •tutUwr  cooituotlvtty 

5,  Inirindc  rtfloo  b«tw««n 
collccior  «nd  rogloo  d 
dU«iiAU«r  conductlvtiy 

6,  Intrincic  rtglon  b«ti^««n 
collector  And  region  ctf 
•Imil^  cgoiductlvtiy 

T«    Ughl  d«p«nd«nc« 

Q«    C^aclllvt  d«vtc« 

10,    TaniMllng  devlc* 

1 K   Br«ftkdowii  d«vtc« 

13,    PNP  irftn«uior  («ctu^  dovtcc  «nd 
cofVtru«Uoa  ol  Ayinbol) 

13,  I^MtNlP  d«vic«  <ftctu«I  d*vic«  «nd 
COTMinicUoci  of  symbol) 

14,  SfDilconductor  dloda 


15,    Capacmvo  dloda  Ul«oi  Vuicap. 

p«rvn«lHc  diode) 

10,    Breakdown  dioda,  uoldlroctioAftl 
UUo:  b»clcw4rd  dloda*  tv^- 
laughs  dlddc*  volla^t  rtgulmior 
dlode^  Miwr  diode,  volla^t 
r«r«r*nc«  diode) 

1T«    Br«ftkdowtt  diode.  bidlncUofud 
v)d  backward  diode 
{eUo:  blpol«r  vcdUg*  limlier> 

IS.  TUmnel  dtod*  tal«4»  ee*ld  diode) 


5, 


IK 


IX    i4)^)(Wll1  (•) 

jmi, ,  ,1,  , 

(THi)  tSt 
(It  ttt      I       I  ISl 

V  Vh  l»it 

r  I  I  r  I  r 

UHaiiittTHaHi) 


IS. 


10« 


<l)  (t) 


14. 


15. 


17, 
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tfEMlCONDUCTOit 
DWICKS  tCofkUAUtd) 

1«  T«mp«r«tur«  d«p«nd«nt  i^odt 
3,    Photodloda  (al«ot  Adl^r  c«U) 

3,  Stmloonductor  dloda,  PttPN 
•wttoh  tal«ot  Shoekl«y  dlod«i 

4,  PNP  trMUlttOF  Ul«o:  JumitloA, 
point -cont«ct,  m^a^,  ApltAJdalf 

9.  PHP  trAntUtor  with  on« 
•Uctrod*  conn«ct«d  tf> 
•nv«lop« 

A.  NPN  trAiuiitor  olHr 
nrnrn**  und«r  PttP  truMiator) 

7,  UnlJuncUoci  truuiitor,  N-typ« 

B,  UnlJunctioo  tmulAtor,  P**t]rp« 
bM«        oth«r  nam*  Mbov«) 

0«   Fl0ld-«fr«ct  trAMlitor* 
N-typ*  bM9 

10.  Fleld-«fr«ct  trviftl«tor« 
P-typ«  bu« 

lU    Sflmlcooductor  trlod«,  PNPN 

Switch  Ul«o;  controlled  nctlfUr) 

11.  SsmicoDductor  trioda.  NPNP 
Switch  1«l0o;  cortroU«d  nctlfltr) 

13,  NPN  tr«iwl«tO(r  with 
trAMv«r««.bU#«d 

14,  PHIP  trmiatoir  wltb  ohmlc 
connection  to  intriiuic  roflon 

19.    KPIN  trAMi«tor  Wltb  ohitiic 
cocknecUon  to  Istrtnslc  r«flon 

le,    PNIN  trmiui«tor  with  ohmlc 
connection  tointrtiwic  redm 

17«    NPIP  trAiuUtor  with  ohmlc 
connection  to  tntrinjic  r«flon 

1S«  SHIELD 
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dQUlB 


It  lfnit«r 
%    S^oMing  link 

ft,  £>ouU«*tlu-o# 

dcHibU*  throw 

with  t«rmlnftl«  •hewn 

Knir*  twitch 


SWITCH 


IT.    Saftty  lctt«rlock<'- circuit 
opcnliv 

IB.   SafAty  Interlock'' -circuit 
clo«m« 


3,  rfVTb 


-r-  '■ 


6*    p^«h  buttM,  dtcult 

9.   Pushbutton,  circuit 
opening  (brtak) 

10*   Honlocklni'  mOfnAOtary  or 

•prlng  r«!tun)— circuit  closing  ^  i 

11.    Nonlocking;  room«ntAry  or 

Bprlng  r«tttn*- circuit  oponlng 
(bf«ak> 

IJ.   Nonlocking;  n>ocn«ntAry  or  11*     ^   *  ^  ^  OH  i 

•prlng  rttum^'-tranofer  ^  t 

13.  Locklnf- circuit  cloolng 
(msk*) 

14.  LocklDg—circult  oponing  O— t^O*  0— tv< 


15.  Locking— trAnflf«r, 
thret'^  position 

16.  w«f«r  Uxunpls  Abown:  3*pol«, 

3- circuit  with  1  nonahortlng  ^ 
and  1  Ahortlng  moving  contact*)  p  orr 
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SWITCHING  rUHCtlOH 


inmkm) 
2,  Tr«n«r*r 


6 


ffnVCHRO 


flyochro  L«tlir 


CDX  oadtrol-*dttf*r«BAtftl 


CT  control  truwtorMr 
TDR  tcrquo-dttfvMtbd 


1» 


TDX  torque  liifltotatUl 


TX  torqpM 
as  PMohm 
B 


11. 


11. 


TKBMDfATtOCI 

ft,  C«bto 

elrmlt 
1.  Abort  draUt 
I.  UovibU  obort 
i.  Tnvdatflqf  Mrloo  o«p«cttor» 

10. 

tl. 

II. 


10. 


14. 


IfL 


la. 

14. 
II. 

II. 
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2. 


THlRMAL  XLEIICNT  (CcMiUmi«d) 


1*   Th«rm«t  out  out 

2*   Tb«rm«t  r«l«y 

3*  Tb«rmottt«t  (op«rAU#  oa  H«ljit 
t«mp«mur«)« 
with  br^ftk  co«tt«ct 

4.   Th«rmoAt«t  with  mftk*  cOAtMt 

TiMrmcwtftt  wtth  lat«fral 
ht«ur  and  tr«juf«r  cotttMt# 

THERMtSTOA 

7,  Wlthlnt«tr^h«mt«r 

THERMOCOUPLE 

Q,    WUh  liit«fr«t  h««t«r  InUrntliy 

COilMcUd 

10,  WUti  latuUt«d  ttt«t«r 

11.  Stmt  conductor  th«rmocoupU 

la.   Ssmlc^nduetor  th*nnocoupl4* 


TRANSFORMER 


13.  OtiMrftt 


14.  TrumtortnBr  with  poUritr 

current  In  to 
ln«tmnt«Mou« 
current  out) 


VIBRATOR 


1$,    Sbunt  driv« 
li,   StpkTat*  drlv« 
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— <:^^o — 
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11. 
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VISUAL  StOKAUKQ 
DEVtCS 


AfuiunolMorj  l«ntr«t 

AnnunoiMor  drop  or  •lgn«l, 
•hutt«r  typ* 


3,  AiuiunolMor  drop  or  Aign*!* 

<  ^fftllUftUy  r««tor«d  drop 

5.  Cl«GitricftUy  r««tor«d  drop 

A.  Swltcht>oard«tvp«  lamp 

T,  Indtc«ilog  Urop 

a,  J«weUd  •Igxivl  light 


lAdlcaUjii  light 
Lstur  Combdutioci* 


Quplace  Mt«rl#k  (*>  with 
prop#r  Ittur  combioftUoo, ) 

A  «mb«r 

B  blue 

.C  cltur 

Q  grt«n 

NE  nton 

O  oruig« 

OP  op«l««c«cit 

P  purplt 

Rr«d 

W  whlt« 


Logk  Symbol* 


9. 

to. 

It. 
13^ 


And 
Or 

£xctuiiv«  or 

State  Indicator 


9* 


(D 


to. 


iU 


12, 


13, 
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Ft 

2, 

SS 

0  1 

1,  TM'Tlop  Latch 

2.  Single  Shot 

a.  dchmltl  Trigger 

■  AmpUfMr 

9.  Tim*  D«Uiy 

«^  OuUUtOr 

Logic  FUncUocis  not 
othvrwU*  SymbolUttd 

(AcpiUc«  uurtAk  i*f  with  ^b* 
*     br^vUUon  or  compl«l«  lnd«fl* 
liflcftlion,  > 


i  9m* 


ST 

4. 
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ELECTRONIC  FORMULAS  AMD  LAWS 


OHM'S  LAW  FOR  DC  CmCUTTS 
Formulas 

Whea  two  DC  circuit  values  are  glveni 
the  ^unknown  value  may  be  determined  by 
the  application  of  the  Ohm's  Law  formulas 
for  DC  circuits: 


-I 


E  •  IB 


P  s  EI 


-I 


E  «  ^ 


P=  I^R 


R 
PR 


Where  I  =  current  in  amperes 
E  =  potential  in  volts 
R  =  resistance  in  ohms 
P  ^  power  in  watts 

I.  CURRENT  FORMULAS 

I  at  ~ 

R 

a.  Total  Current  In  Parallel  Circuit 

\=^+^2  +  -  •  -^n 

b.  Total  Current  in  Series  Circuit 


b.  Total  Voltage  Aerocs  Parallel  Circuit 


*  *  *  £^ 


c.  Total  Voltage  Across  Series  Circuit 


3.  RESISTANCE  FORMULAS 

SL*  Resistance  Showing  Variation  With 
Material  and  sixe 

KL 


K  o  resiaUvity 
L  3  mean  length 

A  »  cross-Section   area  in  same  units  aa  L 
b*  Resistance  to  Current  Flow 


c.  Two  Resistors  in  Parallel 


t  Rj+Rj 


d*  Resistance  Value  Determined  With  ^ 
Voltmeter 


E  R 

---P-n. 
m 


E^  3  voltage  ajqiUed 


2.  VOLTAGE  FORMULAS 

a*  Impressed  Voltage  or  Voltage  Drop 
E  =  IB 


R    ^  internal  resistance 
m 


^«  *  voltmeter  reading 
m 


SO 
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e.  Total  Resistance  of  Series  circuit 


R^.Rj+R2  +  .  .  .R„ 


Total  R'^slstance  of  Parallel  circuit 

R    .  I  


4<  POWER  FORMULAS 

a*  Watts  (Power,  DC  Circuit) 


2  E* 
P  «  El  o  TR  =  ^ 


b.  Total  Power  In  Watts  (Pj)  SuppUed  to 
Circuits  That  Are  In  Parallel 

P^=Pj  +  P2  +  ...P„ 

:=  power  In  circuit  1  (watts) 

P  =  power  in  circuit  2  (watts) 
z 

P  a  power  in  circuit  (watts) 
n  n 

5.  EFFICIENCV  FORMULA 

N=^liE^xlOO 
input 

^*  CONDUCTANCE  FORMULAS 

a*  Conductance  for  DC  Circuits  Is 
Expressed  as  the  Reciprocal  of  Resistance 


G=  - 
R 


b,  Ohm*3  Law  Formulas  When  Conduct- 
ance Is  Considered 

I  =EG 
-0^ 


where  I  «  current  (amperes) 

E  «  voltago  (volts) 

G  a  Conductance  (mhos) 

R  s  resistance  (ohms) 

c*  When  Resistors  Are  Connected  in  a 
Parallel  DC  Circuit,  the  Total  Conductance 
IS  Given  By: 

Gj  ^Gj+Gj  +  Gg+G^.  .  , 

OHM'S  LAW  FOR  AC  CIRCUITS 

Formulas 

When  two  AC  circuit  values  are  given^ 
the  unknown  vMue  may  be  determined  by 
the  application  of  the  Ohm's  Law  formulas 
for  AC  circuits.  The  following  formulas  are 
different  variations  in  Ohm's  Law  for  AC 
circuits: 


T  E 


Zcose 


Known 
Values 

Fo 
I 

rmulas  for  Determining 
Jnknown  Values  of  .  .  . 

I 

R 

E 

P 

I  &  R 

m 

I  &  E 

E 
I 

IE 

I  &  P 

P 

p 
I 

R  &  E 

E 
R 

R 

R  &  P 

VfiR 

E  &  P 

p 

E 

E^ 
P 

Figure  1.  Otun'.i  Law  Formulas  for  DC 
Circuit 
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coaO 


E 

Z  "  ^ 


Zm 


E^coflO 


P  ^  EIcosO    P  «  I  Zcos0    P  t. 


P»I^R 


whore  X  «  current  in  amperM 


E  «  potential  In  voUb 


Z  >i  lmpe<tance  In  ohma 


B  «  resistance  In  ohms 


P  «  power  in  wattg 


0  =t  phase  angle  In  degreea 


Known  Values 


I  b  Z 


I  St  E 


I  St  P 


Z  &  E 


Z  &  P 


E  &  P 


Formulas  for  Determining  Unknown  Values  Of*.., 
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1 
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Ecos  O 


E 
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coeO 


E^coe© 


IZ 


IcosO 


cose 


lEcoeO 


E^cos© 
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Figure  2.  Ohm's  Law  Formulas  for  AC  Circuits 
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K  CUIUUENT  FORMULAS 

a.  AUernatlng  Current  Flowing  In  Any 
AC  Circuit 


m  fynttx<*i^tiwn  curr#nt  (unperefl) 


etfoctive  current  (amp^retf) 


T  S 


b.  Instantaneoud  Voltage  {Sine  Wave) 


e  »E  aln3Trft 
ni 


e  1  E  flln  wt 
ni 


A  maxltnum  voltage  (volta) 


f  n  frequency  (hertz) 
t  n  time  {seconds) 

c.  Average  Current  Value 


d«  Boot-Mean-Squue  Current  Value 
(Etfecttve) 


hill 


av 


>  majlmum  current  (amperes) 


I  A  average  current  (amperes) 
av 


e*  ^flT'"?""'  Current  Values 


I  =•  L414  I  - 
m  efi 


1-571 


av 


^bU  *  ^'^©^^ve.  current  (amperes) 


0.91 


e£f 


I^^  »  average  currant  (amperes) 


CONVEBT  FROM 

RMS 
(Effective) 

TO  GET ,  .  . 

RMS 
Effective 

Average 

Peak 

Peak-to- 
Peak 

0.900 

1.414 

2.626 

Average 

i;iio 

7 

1.570 

3.141 

Peak 

0.707 

0.637 

2.000 

Peak-to- Peak 

0.354 

0.318 

0.500 

Figure  3.  Stne-WaTe  Voltage  Conversion  Factors 
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2.  VOLTAGE  FORMULAS 

a.  AUarnatlng  VolUge  Droppod^or  VoU- 
ftge  Impres0etl  Acroaa  Any  Circuit 

E  miZ 

b.  Alternating  Voltage  Drop  or  Voltage 
Impreaaed  Acroaa  a  Nonlnductlve  Realator 


E    i>  IR 

'  r 


c.  Alternating  Voltage  Drop  or  Voltage 
Impreaaed  Across  Inductor 


A  reactance  ot  inductor  (ohms) 


d.  Alternating  Voltage  Drop  or  Voltage 
Impressed  Across  a  Capacitor 


X  =  reactance  of  capacitor  (ohms) 
c 


since  P  «  EtcO60 


e.  Average  Voltage  Value 


E     =  0.637E    =  0*9E  «  =  0.9E 
av  m         eff  rms 


f,  Root-Mean-Square^  or  Effective  Volt- 
age Value 

E        =E^«  0.707E    =  ^l.llE 
rmfl      eff  m     -y2  av 

g.  Maximum  Voltage  Value 

E    »  1.414E  1.57E 
jn  eff  av 

3.  POWER  FACTOR  FORMULAS-. Thepover 
factor  of  an  AC  circuit  is  equal  to  the  ratio 
of  the  true  pomr  in  watts  to  the  apparent 
power  in  volt-amperes. 


and     M  EI 
a 


therefore  PF  « 


ElcoflO 


EI 

PF  M  cosO 

where  PF  «  power  factor 
P  ^  true  power 


P^  V  apparent  pow«r 


0  3M  phaae  angle 

a.  For  ^  Purely  Resistive  Circuit 

On  ©• 
PF  «  1 

b.  For  a  Resonant  Circuit 

8  =  0* 
PF=  1 

c.  For  a  Purely  Reactive  Circuit 

PF  =  0 

4.  POWER  (WATTS)  FORMULAS 
P  =  EI  X  PF 
PF  =  power  factor 

ADMITTANCE  FORMULAS: 

a,  iUlmlttance  of  a  Series  Circuit 

1 


PF 


true  waits 
ExI 


\/R  +X 

b.  Admittance  Is  Also  Expressed  as  the 
Reciprocal  of  Impedance 

v  =  i=l 

>     Z  E 


ierIc 
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whdre  Y  m  admittance  (mhos) 
Z  m  impedanctf  (ohma) 
R  «  restfltance  (ohma) 
1  m  current  (amperes) 
X  «  reactance  (ohms) 
E  m  potential  (voltd) 
e.  SUSCEPTANCE  FORMULAS 
a,  Susceptance  of  a  Series  Circuit 


B 


2  2 
R  +X 


b.  When  the  Resistance  Is  Zero,  Suscept* 
ance  Becomes  the  Reciprocal  ol  Reactance 


b«  SERIES  CIRCUITS  In  series  circuits 
containing  reactance  uidreststance,  the  phase 
angle  la  equal  to  the  angle  whose  tangent 

X 

Is  Indicated  by  the  ratio  -  and  Is  expressed  by 


0  m  arc  tan  rr 
R 


Where  X  »  Inductive  or  capacltive  reactance 
In  ohms 

R  <i  nonreactive  resistance  In  ohms 
arc  tan  «  "the  angle  whose  tangent  Is  ,  , 

c.  PARALLEL  CIRCUITS  -  In  parallel 

circuits  containing  reactance  and  resistance, 

the  phase  angle  ts  equal  to  the  angle  whose 

p 

tangent  Is  Indicated  by  the  ratio  -  and  Is 
expressed  by 


0  *  arc  tan  ~ 


where  B  s  susceptance  (mhos) 

X  »  reactance  (ohms) 

R  s  resistance  (ohms) 

7.  PHASE  ANGLE  FORMULAS  -  The  phase 
angle  Is  the  angle,  expressed  In  degrees, 
by  which  the  current  lags  the  voltage  In 
an  Inductive  circuit,  or  leads  the  voltage  In 
a  capacltive  circuit.  For  purely  reactive 
circuits  with  no  resistance  (a  theoretical 
concept)  the  current  lags  by  In  an  Indue* 
tlve  circuit  and  leads  by  W  In  a  capacltive 
circuit.  Fbase  angle  formulas  for  various 
combinations  of  R,  Xx^  and  in  series, 
parallel,  and  series-parallel  circuits  may 
be  lound  in  Figure  4. 

a.  RESONANT  CIRCUIT  *  In  a  resonant, 
circuit  where  Xl  «  Xq,  the  total  impedance 
Is  resistive  and  the  phase  angle  Is 
Similarly,  in  a  circuit  consisting  ol  resist- 
ance alone,  the  current  and  voltage  are 
IN  PHASE  and  the  phase  angle  Is  O"". 


IMPEDANCE  FORMULAS 

When  values  for  R,  Xtt  and  X^  are  given, 
the  impedance  in  ohms  and  the  phase  angle 
may  be  computed  by  the  following  formulas* 

a.  SERIES  A  C  CIRCUIT  -  For  a  series 
a-c  circuit: 


JZ  and  0  =  arc  tan 


b.  PARALLEL  AC  CmCUIT  -  For  a 
parallel  a-c  circuit: 


1 


V 


RX  -  RX, 


0  =  arc  tan' 


L  c 


where  Z  =  Impedance  in  ohms 

R  =  resistance  of  a  circuit  In  ohms 


Xc> 


reactance  of  circuit 
In  ohms 


^95 


#3  0° 


G 

4*- 


It  L 


£<»ll|«ll3«1t,H.^4tii 


#  =  -» 


«IX  IH 


m     c  L 


£  ■  R,  R, 


R,  ^R, 


£1 


Til*  jf,*ir,....u 


#  so* 


\^      \^  \^ 


4* 


11 


£S 


^1  ^1 


V  ****** 
^1 


$^  mrc  iM  ^ 


#3  trc  ^ —  ^ 


tRL+ik:r+WL-Xc»' 


Figure  4.  Impedance  Chart 
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0  «  conductanco  of  circuit  In  mho? 
B  suaccptwco  of  circuit  In  mhoa 
0  «  phase  angle  In  degraoo 


TUNED  cmcUlT  -  In  a  alngla  tuned 
clrculti  Q  may  be  determined  bytberelation- 
ihlp  between  the  remnant  frequency  and  the 
bandwidth  be  two  eii  the  3-db  (^iaU*power) 
pointd* 


Q  FACTOR  FORMULAS 

Q  Is  a  figure  of  merit  which  Is  widely 
used  In  the  design  of  electronic  equipment. 
The  term  may  be  applied  to  a  single  com* 
ponent^  such  as  a  coll  or  ^  capacitor*  or 
It  may  be  applied  to  an  entire  circuit  com* 
posed  ol  a  number  of  resistive,  Inductive, 
or  capacltlve  components.  The  Q  factor  1^ 
the  ratio  of  reactance  to  resistance^  and  for 
an  Inductor  or  a  circuit  having  Inductance 
and  resistance  It  Is  expressed  as; 


^  a^f 

Q  n  figure  of  merit 


fy  *  resonant  frequency 


At^  deviation  from  resonant  frequency 


2A  f »  bandwidth  (width  between  the  two 
half-power  points) 


CAPAaTANCE  AND  RESISTANCE  *  For 
a  capacitor  or  a  circuit  having  capacitance 
and  resistance* 

X 


INDUCTANCE,  CAPACITANCE,  AND 
RESISTANCE  -  When  a  circuit  contains  a 
combination  of  inductive  and  capacltlve  react* 
ance  ad  well  as  resistance,  the  Q  of  such  a 
circuit  is  usually  expressed  only  at  the 
resonant  value  of  the  reactances*  Therefore: 


where  Q  «  figure  of  merit 

=  inductive  reactance  in  ohms 

X  a  capacltlve  reactance  in  ohms 

c 

R|^  V  resistance  in  ofams  in  aeries  with 
inductor  or  the  R-L  circuit 

R  s  resistance  in  ohms  in  series  with 
capacitor  or  the  R-^C  circuit 

L  « Inductance  in  benrys 
C  3  capacitance  in  farads 


CAPACITY  FORMULAS 
U  TOTAL  CAPACITY 

a»  Two  Capacitors  In  Series: 

b«  Total  Capacitance  of  Capacitors  in 
Parallel: 


C^  «i  Cj  +  Cj  +  .  .  .  C^ 


c»  Total  Capacitance  of  Capacitors  in 
Series: 


1 


■'t    1     i  1 

c,  '^c^'^-  • 

12  n 


2»  QUANTITY  OF  ELECTRICITY  STORED 
IN  A  CAPACITOR: 

Q  at  CE 

where  Q  «  quantity  stored  in  coulombs 

E  «  potential  across  the  capacitor  in 
volts 

C  a  capacitance  In  farads 
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3.  CAPACITANCE  OF  A  PARALLEL  PLATE 
CAPACITOR: 

C  «  0*08942  "  ~ 

wbere  C  ^  capacitance  in  pf 

K  -  dielectric  constant  (Figure  5) 

S  m  area  of  one  plate  in  sq[uare  cen* 
tlmeters 

N  ■  number  of  plates 

d  9  tlilcknesa  of  the  dielectric  in  cen* 
tlmeters 
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Figure  5.  Values  of  the  Constant  k 

4.  CAPACITANCE  OF  A  SINGLE  WIRE 
PARALLEL  TO  GROUND: 

«  7.354L 


^here  C  =  capacitance  in  pf 
L«  length  in  feet 
h  =  height  above  earth  in  feet 
d  =  diameter  of  wire  in  feet 

S  3  a  constant  (Figure  6) 
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Figure  6.  Values  for  Constants  S 

5.  CAPACITANCE  TO  GROUND  OF  PARAL- 
LEL WIRES  OF  THE  SAME  EEIGBrr  JOINED 
TOGETHER: 

F 

where  C  >  capacitance  in  pf 
n  n 

Ii=  length  of  wire  (assumed  same  for 
all  vires) 

h  B  height  above  earth  in  feet 

d  ^  diameter  of  wire  in  feet 

n  s  number  of  wires 

D  m  spacing  between  adjacent  wires 
(assumed  to  be  the  same  for  all 
adjacent  pairs) 

S  tB  a  constant  (Figure  6) 

S^  s  a  constant  (Figure  7) 

NOTE:  This  formula  assumes  that 
the  ratio  D/d  is  large. 
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6.  CAPACITANCE  TO  GROUND  OF  A  SIN- 
GLE VERTICAL  WIRE: 


Figure  7.  Values  for  Constants 

L.  « 


a 


where  C  »  capacitance  in  pf 

m  9  length  of  vertical  ^re  in  feet 

=  height  of  lower  end  of  wire  above 
earth  in  feet 

d  £  diameter  of  wire  in  feet 

k  s  a  constant  (Figure  5) 

INDUCTANCE  FORMULAS 

1.  TOTAL  INDUCTANCE: 

a.  Two  laductora  in  Parallel  With  No 
Mutual  Inductance: 


b»  Total  Inductance  of  Inductors  in  Series 
With  No  Mutual  Inductance: 


L^  =  Lj    Lj  +  .  .  .  L^ 


c.  Total  nductance  of  Inductors  in  Paral- 
lel With  No  Mutual  In^ctance: 


-—d^Total  Inductance  of  Inductors  in  Series 
With  Coupling  Present: 


L^  9  L^  +  L^  ±  2M 


Plus  (^)  for  aiding 

Minus  {')  for  opposing 

L  =  Inductance  of  colls  (henrys) 

M  =  mutual  inductance  of  colls  (henrys) 

2*  INDUCTIVE  REACTANCE: 

=wL=  2^fL 

t=  frequency  (hertz)  ^ 

3*  MUTUAL  INDUCTANCE  -  The  mutual 
Inductance  between  two  coupled  r-^f  colls  is 
given  by 


M 


L  -  L 
-2  £L 


where  M  ^  mutual  Inductance 

1^  =  total  inductance  of  Lj  and  L2  with 
aiding  fields 

Lq  «  total  inductance  of  Li  and  L2  with 
opposing  fields 
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4.  INDUCTANCE  OF  SMALL  AIR-CORE 
COILS 

a.  Single- Layer  Wound  Colls: 

flr  + 10/  « «    V  , 

b.  Multilayer  Wound  Colls: 

6r  +  fll  +  lOb 
wbere  L  m  self^inductance  in  mlcrobenrTS 
N  a  total  number  of  turns 
r  ti  mean  radlua  in  incbes 
jt=  length  of  coil  in  incbes 
b  =2  depth  of  coU  in  inches 

5.  COUPLING  COEFnOENT-Wbentwor-f 
coils  are  inductively  coupled,  ttia  coefficient 
of  coupling  is  given  by: 

where  K  =  coupling  coefficient  (K  x  100  = 
coupling  coefficient  in  percent) 

M  =  mutual  inductance 

Lj^t  ^2  '  TO^lii^ctance  of  coil 

TRANSFORMER  FORMULAS 

I.  CURRENT: 

a*  Ctirreat-Tums  Relationship  in  Trans* 
former  (^proximately): 

^  sss 

I     "  T 
sec  prl 

T   .  =  primary  turns 
pn 

T     =  secondary  turns 
sec 

100 


b.  Current*Voltage  Relationship  in  Trans* 
former  (Ajqiruxlmately): 

'pri  ^sec 
sec  prl 

2.  VOLTAGE  -  Voltage-turns  relationship  in 
transformer  (ajqiroximately): 

F  T 

pri  ^nri 

E  "t 
sec  sec 

Tp^  »  primary  turns 

T     m  secondary  turns 
sec 

3*  RESISTANCE  *  Resistance* Turns 
Relati<Hiahlp  in  Transf6rmer  (With  Unity 
Coupling): 


4*  IMPEDANCE  *  Impedance-Turn  Relation* 
ship  in  Transformer  (With  Unity  Coupling): 

see    ^  sec' 

Zsil.  /pa 

T       ^/  Z 
sec     V  sec 

Tp^  =  primary  turns 

T      =  secondary  turns 
sec 

a  primary  impedance  (olmis) 
Z     »  secondary  impedance  (olmis) 


FREQUENCY  FORMULAS 
Wavelength 


239 


where  X  ^  wftvelength 

V  m  velocity  of  propAgfttlon 
t »  algnal  frequency 

Time  or  Period: 


t  •* 


hertz 


where  t  «  duration  of  one  cycle  in  seconds 

To  Convert  From  Frequency  to  Wavelength: 

.8 


^meters 


also  X 


3x  10" 
^ertz 

3  X  10^ 
*  Wrtz 


and  X 


300 


meters  f 


megahertz 


To  Convert  From  Wavelength  to  Frequency: 

.8 


3x  10' 


also  L  " 


and  C  • 


1 

1 


or 


LC 


3^ 


aertz 


where  f^  m  resonant  frequency  in  hertz 

L  «  inductance  In  henrya 

C  m  capacitance  in  farads 

2 -IT  s  6*28 
4ir2  ,  39^5 

VACUUM  TUBE  FORMULAS: 

1.  PLATE  RESISTANCE  -  The  dynamic  plate 
resistance,  rn,  of  an  electron  tube  is  the 
resistance  of  the  electron  path  between  cath- 
ode and  plate.  It  may  be  calculated  by  effect- 
ing a  small  change  in  plate  voltage,  and 
dividing  this  43y  the  correspODding  change  in 
plate  current,  with  the  grid  voltage  held  at 
a  constant  value*  The  dynamic  plate  resist- 
ance (rp)  In  ohms  Is  given  by 


also 


Zx  10' 


lohertz 


and  f 


300 

megahertz  *  \ 


where  X  »  wavelength  in  meters 

RESONANCE  FORMULAS 

When  Ib  eqU^  to  X^,  the  circuit  Is 
resonant  at  a  particular  frequency.  Combin- 
ing the  two  reactance  Cormuiast  ^  formula 
for  resonant  frequency  Is  found  to  be: 


with  Eg  held  constant* 

2.  AMPUnCATlON  FACTOR  -  The  ampU- 
ficatlon  factor,  ^»  ot  ^  vacuum  tube  is  the' 
ratio  of  the  change  in  plate  voltage  to  the 
opposite  change  in  grid  voltage  required  to 
maintain  the  plate  current ataconstantvalue. 
The  numerical  value  of  ^  is  given  by 


6.\ 


with  L.  beld  constant. 
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3.  THANSCONDUCTANCE  -  The  trUMcon- 
ductance,  or  mutual  conductance,  g^,  of  a 
vacuum  tube  ia  equal  to  the  ampUflcatlon 
factor  divided  by  the  plate  resistance*  There- 
fore, the  traiidconductance  ia  equal  to  the 
change  in  plate  current  divided  by  the  change 
In  grid  voltage,  with  the  plate  voltage  held 
at  a  constant  value.  The  transconductance 
(gQi)  In  mhos  is  given  by 


P  P  P  **  g 


With  E  held  constant* 
P 


4.  VOLTAGE  GAIN 
# 

a.  Grounded- Cathode  Circuit  -  The 
voltage  amplification,  or  voltage  gain,  of  a 
vacuum  tube  In  a  grounded-^cathode  circuit  is 
eiqpressed  by 

MB, 


L  p 


also  A  « < 


g  R,r  * 
m  L  D 

10  V  +r^) 
jj  p 


In  cases  where  r  >>R. ,  the  formula  may  l>e 
simplified  to  ^ 


Ai* 


r  +  (1  +  m)R, 
P 


where  rp-  dynamic  plate  resistance  in  ohms 

E  -  plate  voltage 
P 

Eg  «  grid  voltage 

I  ^  plate  current 
P 

^  m  amplification  factor 

g    « transconductance  in  mhos  (mul- 
^    tlply  by  10^  for  transconductance 
In  mlcrontihos) 

s  load  resistance  In  ohms 

A  A  gain  of  tube 

A  »  change  of  value,  either  increment 
or  decrement 


d*  Amplifier 
voltage  gain  of 
Is  given  by: 


With  Feedback  -  The 
an  anq)llfier  with  feedbadc 


Gain  with  feedback  =  ^'^  ^ 
where  A   gain  of  amplifier  without  feedbadc 


♦In  this  formula,  g    is  expressed  in  micro- 
m 

mhos. 


b.  Grounded-Grld  Circuit  -  The  voltage 
gain  of  a  vacuum  tube  in  a  gitnmded-grld 
circuit  is  e:q>ressed  by 


A    (1  +  fx) 


R,  +  r 
L  p 


c.  Grounded- Plate  Circuit  *  The  volt- 
age gain  of  a  vacuum  tube  in  a  grounded- 
plate  (cathode  follower)  circuit  is  given  by 


P=  fraction  of  the  output  voltage  which 
is  f  eedbadc 

NOTE:  It  the  expression  1  -  A/?  Is 
less  than  unity,  the  feedback  is  said 
to  be  regenerative.  This  type  of  f eed" 
badc,  common  in  oscillator  ctrcuils, 
is  not  used  in  conventional  amplifiers 
because  of  the  distortion  Introduced 
by  It.  In  amplifiers,  therei6re,  the 
feedback  Is  usually  negative  and  the 
fractional  part  of  the  output  voUage 
which 'is  the  feedbadc  is  -y^.  For 
negative  feedbadc,  then,  the  formula 
l>ecomes 


Gain  with  negaUve  f  eedbadc 


A 
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B«nO«p  th«  expr#filoii  1  ^  a/3  in 
gTMtor  than  unity  and  th$  fMdbaek 
In  dvgmoraUve.  Wh«D  tb«  gain  of  th« 
tftagttp  Ap  \M  large  compared  irltb  1, 
the  tormuU  may  be  escpreaaed  by: 

Gain  vltb  negatlre  feedback 

TILX  CONSTANT  FORMULA 

1.  RC  TIME  CONSTANT  -  The.  time  con- 
stant of  an  RC  circuit  la  tbe  time  required 
to  charge  the  capacitor  to  03,3  percent  of 
ltd  tlnal  rottage  or  to  dlecbarge  It  to  36.8 
percent  of  ltd  Initial  charge.  For  calculating 
the  time  constant  of  an  RC  circuit,  thetoUov- 
Ing  tormulaa  may  be  used: 

tOiec)  »  R(obm3)  x  C(farftds) 

tfflec)  M  R(megohma)  x  C(^) 

tOxaec)  M  R(obm3)x  C(^) 

tOxaec)  M  F(megohms)  x  C(pf) 

a,  Steady-State  Condition  -  por  all 
practical  purposes,  the  steady-state  coodl* 
tlon  Is  reached  after  five  time  constants. 


b.  Used  lor  Ctnipling  •  When  used  lor 
coupling,  an  RC  circuit  should  have  a  time 
constant  at  least  10  times  longer  than  the 
period  of  the  lowest  frequency  It  must  pass. 

c.  Used  as  a  Differentiator  •  When 
used  as  a  diflerentlatori  an  RC  circuit  should 
have  a  time  constant  not  longer  than  1/10 
the  period  of  the  waveform  to  be  peaked. 

2.  RL  TOdE  CONSTANT  •  The  time  constant 
of  an  RL  circuit  is  the  time  required  lor 
the  current  through  the  inductor  to  increase 
to  63.2  percent  of  its  mailmum  value,  or  to 
decrease  to  36.8  percent  of  Its  *"^Tlnnim 
value.  For  calculating  the  time  constant  of 
an  RL  circuit: 


TRAMSMiasION  LINE' FORMULAS 

Coaxial  Impedance 

For  characteristic  Impedance  of  a  coaxial 
tranflmlaslon  line: 

d. 


Z  M  138 


Coaxial  Resistance 

For       resistance  In  ohms  per  foot  of  a 


copper  coaxial  line: 


Coaxial  Attenuation 


line: 


For  attenuation  In  db  per  foot  of  coaxial 


4.6  V7  (d^^da) 


**1**2 


X  10 


where  Z  ^  characteristic  impedance  In  ohms 

r  «  AF  resistance  In  ohms  per  foot 
of  copper  line 

a  s  attenuation  In  db  per  foot  of  line 

d  a  inside  diameter  of  outer  conductor 
In  Inches 

d^  «  outside  diameter  of  Inner  conduc* 
tor  In  Inches 

f  «  frequency  In  megahertz 

Two-Wire  Line  Impedance 

For  characteristic  Impedance  of  a  two- 
wire  open  air  transmission  line: 
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Two- Wire  Une  Inductinco 

For  Inductance  in  mlcrohenrya  per  foot 
of  two-wire  transmission  Une: 

L.  0.281  jlog^jjf 

Two*Wlre  Line  Capacitance 

For  capacitance  In  pf  per  foot  of  two-wire 
transmission  Une: 

-  3.68 


Two-Wire  Line  Resistance 

For  €F  resistance  In  ohms  per  loop^foot 
of  wire: 


Two-Wire  Line  Attenuatioii 

For  attenuation  In  db  per  foot  of  wire: 
■  0.0157IJ 


db 


Where  Z  -  characteristiCB  Impedance  In  oluns 

D  «  spacing  between  wire  centers  in 
inches 

d  =  diameter  of  conductors  in  inches 

L  -  inductance  in  mlcn>henr7g,perfbot 
of  line 

C  =  capacitance  in  pf  per  foot  of  Hue 

db  V  attenuation  in  db  per  foot  of  wire 

=HF  resistance  in  ohms  per  loop- 
foot  of  wire 

f   fre<iuenc7  in  megahertz 

NETWORK  BIATCHING 
AND  ATTENUATING  PAD 


1.  ATTENUATING  PAD  -  Pad  circuits  canbe 
computed  using  the  network  matching  and 
attenuation  nomograph  as  illustrated  in  Fig- 
ures 8  and  9* 


Conditions:      -  Z^,  and  " 

a*  With  straightedge^  connect  Z  on  scale  A 
to  required  db  loss  on  scale  C.  Read  R^  on 
scale  F* 

b.  Connect  Z  on  scale  A  to  required  db 
loss  on  scale  D.  Read  Ra  ^  Rq  oa  scale  F. 

c.  Subtract  Rc  from  the  totals  leaving  R^. 

d.  R^  -  R^^. 

2,  MATCHING  PAD 

Conditions:  Zj^^  Z^,  and  R^^  =  0 

a.  With  straightedge^  connect  Zj^  on  scale 
A  to  Z2  on  scale  F*  Read  db  loss  on  scale  E* 

.  b*  Connect  Z^  on  scale  B  to  Z2  on  scale  F^ 
Read  -\y  Z1Z2  on  scale  A. 


.  c*  Connect  ^  ^1^2  onscale  Atodbloss 
on  scale  C*  Read  R^  on  scale  F* 

d.  Connect  on  scale  A  to  db  losa  on 
scale  D*  Read  Ra        on  scale  F* 

e.  Subtract  R^,  leaving  R^. 

3.  MATCHING  AND  ATTENUATING  PAD 


Conditions:  Z^  n  Z^ 


a.  With  straightedge,  connect  Zi  onscale  F 
to  Z2  on  scale  B,  Read  '\/ZiZ2  on  scale  A* 


b*  Connect  ^sfz^Z^  on  scale  A  to 
required  db  loss  on  scale  C*  Read  Rc  on 
scale  F* 

c*  Connect  Z^  on  scale  A  to  db  loss  on 
scale  D.  Read  K^^  4*  R^  on  scale  F* 

d.  Subtract  R^»  leaving  R^. 

e*  Connect  Z2  on  scale  A  to  db  loss  on 
scale     Read  R|.  +  R^  on  scale  F. 

f*  Subtract  R^»  leaving  Rf^* 
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4^  ^ 


i 


Figure  8«  Pads 


2.3 


1000^ 


100  < 


M-' 


* 

10* 


THE  DECIBEL 


General 


The  db  Is  the  unit  wfaicii  been  widely 
adopted  in  radio,  sound  amplification,  and 
other  branches  of  electronics  to  express 
Ic^arithmlcaUy  the  ratio  between  two 
power  or  voltage  levels,  and  less  com-^ 
monly  the  ratio  between  two  current 
levels*  Although  power,  voltage,  or  current 
ampUiication,    or    the    magnitude  of  a 


Figure  9.  Nomograph  tor  Determining  Values  of 
Network  Matching  and  Attenuating  Pada 


puticuUr  power,  voltage,  or  current  rela- 
tive to  a  given  reference  value,  can  be 
expressed  as  an  ordinary  ratio,  the  db  has 
been  adopted  because  of  its  much  greater 
convenience*  Because  the  i^sponse  of  the 
htmian  ear  to  sound  waves  is  approximately 
proportional  to  the  logarithm  of  the  energy 
at  the  sound  wave  and  is  not  proportional  to 
the  energy  itseU,  the  ijse  of  a  logarithmic 
unit  permits  a  closer  approach  to  the  reac- 
tion of  the  human  ear.  In  other  words,  the 
impression  gained  by  the  human  ear  as  to 
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th«  nugnltude  of  flound  Is  roughly  propor- 
tional to  the  logarithm  of  the  actual  energy 
contained  In  Bound;  hence  .the  logarithmic 
unit  proTldes  a  convenient  method  for  com- 
parlaon.  Thua»  6.g.»  a  change  in  the  gain  of 
an  amplifier^  expreBSed  In  db,  provides  a 
much  better  index  of  the  effect  of  the  sound 
Upon  the  ear  than  it  does  If  expressed  as  a 
power  or  voltage  ratio.  The  small  numbers 
which  may  be  used  to  indicate  In  db  the  gain 
or  loss  which  correspond  to  large  power^ 
voltage^  or  current  ratios,  and  the  ease  with 
which  the  db  gains  or  losses  may  be  added 
or  subtracted  are  two  additional  important 
advantages  In  the  use  of  the  db. 

Power  Ratio 

The  ratio,  expressed  in  db,  of  two 
amounts  of  power,  and  P| ,  is  given  by  the 
following: 


db  «  10  logjQ^ 


The  ratio,  expressed  In  db,  of  two  voltages, 
E2  and  E|,  or  two  currents^  l^  and  ij^,  is 
given  by 


and 


db  ^  20  logj^Q       or  db  =  20  log 
=1 


10 

1 


The  db  is  based  upon  power  ratios;  hence 
the  preceding  formula  ior  deriving  db  equi- 
valents ttom  voltage  or  ctirrent  ratios  is 
TRUE  ONLY  IF  THE  IMPEDANCE  IS  THE 
SAME  FOR  BOTH  VALUES  OF  VOLTAGE 
OR  CITRRENT:  For  example^  if  the  above 
formulas  were  used^  it  would  not  be  pos- 
sible to  obtain  correct  informatloa  on  the 
gain  of  a  given  amplifier  if  the  Input  imped- 
ance differed  f^m  that  of  the  output*  Hence^ 
in  circuits  where  the  impedances  differ, 
the  expressions  for  db  equivalents  of  voltage 
and  current  ratios  become: 


db  s  20  log_ 


db  V  20  log 


10 


Graphic  Presentation 

The  graph  (Figure  10)  gives  the  values, 
expressed  in  db,  which  correspond  to  power, 
voltage^and  current  ratios  from  1  to  100^000 
and  will  be  found  of  conslderabis  assistance 
in  quickly  determining  the  db  equivalent  for 
a  given  ratio,  it  has  been  stressed  that  the 
db  always  refers  to  the  ratio  of  two  levels  of 
power^  voUage^or  current.  It  is  very  often 
desirable^bowever,  to  express  a  single  level 
or  quantity  of  power,  voltage,  or  current  in 
db,asfor  example  in  transmie^on-llne  work^ 
or  In  connection  vrlth  the  Input  or  output  at 
an  amplifier.  The  db  may  be  used  as  such 
an  absolute  unit  by  agreeing  to  specify  the 
ratio  always  with  respect  to  a  fixed  reference 
value,  called  the  "zero  level",  and  to  indi- 
cate the  absolute  unit  by  Its  number  ci  db 
above  or  below  the  fixed  reference  value* 
As  an  example »  assume  that  it  is  desired 
to  specify  the  value  In  db  of  the  output  from 
a  20-watt  amplifier.  FUrtber  assume  that 
0.001  watt  is  the  reference  level.  This  is 
equivalent  to  a  power  ratio  of 


0.001 

or  20,000,  whlchfromtheaccompanylngtable^ 
is  fbund  to  be  approximately  43  db;  or»  using 
the  formula. 


db  a  10  log^Q  =  10  X  4.3  «  43  db 


A  "zero  level"  of  1  milliwatt  (db  above  or 
below  this  level  is  commonly  termed  Jdbm) 
has  gained  considerable  acceptance  as  the 
reference  value^  although  6  milliwatts  and 
ottier  values  are  also  widely  used.  It  is, 
tberefbre^  very  important,  when  the  db  is 
being  used  as  an  absolute  unit  In  this  way, 
that  the  reference  value  employed  be  clearly 
understood. 
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Test  Metcrfl 

Many  oomblnatlon  test  Indtruments^  par- 
ticularly voU*ohm*mllU*ammet6rs  of  the 
beUer  type^  are  equipped  with  acales  call-^ 
brated  In  db»  Such  meters  are  of  great  value 
In  making  many  types  of  measurements 
where  direct  Indication  In  db  Is  desirable* 
When  Improperly  used,  however,  the  Indica- 
tion obtained  may  be  so  Inaccurate  as  to  be 
utterly  meaningless*  In  most  cases  the  cali- 
bration of  these  Instruments  Is  based  upon 
an  Impedance  of  600  ohms  and  a  zero  level 
of  1  milliwatt*  THEREFORE,  WHEN  THE 
METER  IS  CONNECTED  ACROSSANIMPED- 
ANCE  HAVING  A  VALUE  DIFFERENT  FROM 
600  OHMS,  THE  CAUBRATION  WILL  NOT 
BE  CORRECT*  The  correction  factor  which 
must  be  applied  is  determined  as  follows; 


correction  factor  (db)  =  10  log,.  -fi22£S£ 

10  Circuit 


When  the  impedance  of  the  circuit  under 
measurement  Is  greater  than  the  meter 
Impedance^  the  correction  factor  la  stib- 
tracted  from  the  moter  Indication;  when  the 
value  of  the  Impedance  Is  less  thanthe  meter 
Impedance^  the  correction  factor  Is  added 
to  the  meter  Indication* 

MODULATION 

U  AMPLITUDE  MODULATION; 
a«  Percentage  Modulation; 

%M  »  g  X  100 

where  %M  °  amount  of  modulation 

A  =  peak  amplitude  of  the  audiomod* 
ulatlng  signal 

R  =  aF  peak  amplitude 


Figure  10»  Decibels  and  Power,  Voltage,  or  Current  Ratios  Graph 
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Pereentagd  modulation  may  alao  be  cal- 
culated tvo^A  elthor  ot  the  following  two 
formula^*: 


**  carrier  power 


•>  plate  dissipation  In  wattd 


2E 


av 


P^  *  total  radiated  power 


*  *#      niax      min    ^  *  * 

^'e  7e — 

max  mln 


■  audio  power  from  modulator 


where  E_^^  =  maximum  amplitude  ot  modu- 
max  i^i^j 

lated  wave 


^dc  "  power  to  flF  eta^e 


E   .   ^  minimum  amplitude  ot  modu*- 
^      lated  wave 


P^.  3  sideband  power,  Including  both 
sidebands 


b.  Power  Calculations: 


M  a  modulation  factor  (%M  divided  by 
100) 


^  ^  «^  ^dc 


e£f  =  emcieney  factor  of  RF  stage  (%eff 
divided  by  100) 


P  ^  =  ^x  P 
sb     2  c 


>  plate  current  in  amperes 


s  plate  voltage  in  voUs 


2.  FREQUENCY  MODULATION 


Pt  =  U.^)P, 


a.  Modulation  Percentage: 


P    «  — X  P 
*^al     2  *  dc 


«      freauene?  swing 
^  =  swing  for  100%i3''^™ 
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b.  Modulation  Index  i 


Ml  ^l^ 

Ml  ■ 


■  frcqumcy  deviation 
■  audio  frequency 

c.  Power: 

P  m  operating  power  In  watta 
B>  plate  voltage  In  voltd 
M  plate  current  in  amperes 
F  «  efficiency  factor 
ANTENNA  FORMULAS 
1.  WAVELENGTH 

a.  Wavelength  (meters): 

V  300,000 

where  f  =  frequency 

b.  Length  of  Balf^Wave  -  Leisgtb  (feet)  ol 
haU-wave  (radio  wave)  in  space: 


L  (Inches) 


6,640 

f  (MHx) 


L^ 


492 


f  (MUX) 


c*  Length  of  baU^wave  up  to  30  mega- 
hertz -  Length  (feet)  of  half-wave  antenna, 
up  to  about  30  MHz  (accurate  for  long-wire 
antennas): 

'    492  X  0>0S  468 
"  f(MHx)     *  f(MHx) 

d*  length  of  haU-vave  up  to  56  mega- 
hertz* Length  (feet)  of  half-wave  antenna; 


2*  TRANSMISSION  LXNE3; 

a.  Impedaiice  of  ParaUel^Conductor  Line; 


Z  -  276  log  ^ 
r 


D  -  spacing  between  conductors  (Inches) 
r  31  radius  of  conductor  (Inches) 
I«og  to  base  10 

b*  Sendlng-Bnd  Im^pedance  for  a  Half- 
Wave  Transmission  Line; 


a  r 


B  terminating  or  recelvlng-end  Impedance 
(ohms) 


c*  Impedance  of  coaxial  or  concentric 
line: 


Z  »  138  log- 
a 


b  3  Inside  diameter  of  outer  conductor  (inches) 

a^outslde  diameter  of  Inner  conductor 
(Inches) 


d.  Length  (feet)  of  quarter-wave  trans- 
mission line: 


246  xY 


L  tf«et> 


462  X  0.t 
I(MBz) 


462 
f(MHz) 


f  (MHz) 

For  parallel-wire  line,  y  »  0*675 

For  parallel-tubing  line,  T  a  0*65 

For  alr-lnsulated  concentric  line,  Y  a  0.85 

For  rubber-insulatedconcentricUne,  Y=0.56 
to  0.65 
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3,  FIELD  STRENQTU  CAN  BE  APFROXI- 
MATED  BV  THIS  FORMULAl 

D 

Where  E  «  field  Intensity  In  mlUivolta 
P  -  transmitter  power  In  watta 


I 


D  m  distance  In  miles 


4.  POWER  IN  TRANSMISSION  LINEl 

I 

P»I^2  ^eVz 


5.  IMPEDANCE  OF  QUARTER-WAVE 
IMPEDANCE  MATCHINO: 


Where  Z  =  characteristic  Impedance  of 
matching  section 

Z.,  Z^  =  Impedances  of  Hoes  to  be 
matched,  all  measured  in  ohms 


USEFUL  CONVEBSIONS  AND  FOBMULAS 
IN  WAVELENGTH  TO  FREQUENCY 


a. 


X  meters  ^ 


where  R  «  load  resistance 

A  m  eft ectlre  area  of  the  antenna 

0 

Jt^  «  eftectlvo  length  of  the  antenna 

For  an  antenna  SOfl  Impedance  and  matched 
to  Its  load  this  becomes 

A^-  1.868<0^ 
e  e 

in  logs,  10  log  A^  «  20  log  /  +  2.76 
o  e 

8.  ANTENNAS  (IN-PHASE): 

Relative  field  strength  -  Et  «  21 0)B(a  Sin  0) 

Directions  of  Masdmums  -  0  «Sln"^iS^^2^ 


Directions  of  *     .  i  ha*  ±. 

the  Nulla  -  e  -  Sln"^  ^T*?^^??  ) 

a 

9.  ANTENNAS  (OPPOSTTELT  PHASED): 
Relative  field  strength  *  0  *i  21  Sin  (a  SlnO) 

Direction  of  Nulla  -  0  =  Sln"^  <n  a  180'} 


Direction  of  ^^^o 

M«lmums  -  fl  =  Sln-^  (n  x  180_^  00  } 

a 


10.  GLIDE  SLOPE 

Null  antenna  height  .      =         H'  = 


A  feet  ^  ■  ■"■ 
F 


frequency  In  megahertz 


X  -  wavelength 

7.  EFFECTIVE  AREA  TO  EFFECTIVE 
LENGTH: 


Reference  antenna  height-  h*         h' » 121  7' 

11.  FIELD  INTENSITY  TO  ANTENNA  LOAD 
VOLTAGE: 


E  F 


Ml 


X  .0324 


where  €  =  field  intensity 


E  ^  voltage  at  receiver  input 
r 


g  s  antenna  gain 
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1 

p«r  B»t«r 

m«in«ti^  ribdUtlMi  At  A  point  Ia 
•pM«.  ThU  U  uitj«Uy  don*  tt 
thit  loo«ti<M  of  A  nttlvlng  «at«iia4. 

X 

H  W/M> 
fnUUvAttd 

in«t«r 

Thl«  U  th*  •HmUv*  pov«r  ol  a 
rftdiftlMl  ftlfOAl  At  A  point  In  «pac«k 
It  ii  A  fuiMtloa  of  Ihff  Hold 
l«t«o«lty  iuid  tb«  Ittpodioo*  of 
opoco. 

* 

J, 

2» 

0 

Tho  v«ttj«  of  tUo  ImpodaiiQ*  i« 
Appratliiiotoly  JTT  Qt  It  ii  tb* 
roMlt  of  ihff  •xto&oloo  of  Iho 

* 

ImpoOuK*  ttMory  to  •l«otroinogiMtlc 

VtVOlt 

Op*n  elTdilt 

*i 

Tho  vollot*  mooottrod  vitli  o  hi^ 
Inptdonoo  d«vleo  oorooo  tb*  opoa 
t«rinlttolo  of  mm  aotvnoo.  Thlo  U 

oouood  tfjF  tho  ll«ld  lotosottx 

9, 

iiMt«r^ 

A  iii««far«  ot  tho  poowr  tropofir 
«opabUltl««  «f  «a  MMuo  A«*^r/p^ 

•* 

Xff««ttV<*  iMIfUl 

A  mooouto  of  tho  voUofi  troaottir 

«lwMt«rljittt  U  *  'i 
E 

7, 

mttUwmttd 

VoUoft  ladttcod  aod  tb*  powor 

riflAaifikiAd  la       ncalnr  imtt 
load  tfjF  tb«  li^ld  lotOBOitx  pr«oovt 

4 

Figure  11.  Field  Intensity  Measurement  and 

Radio  Frequency  Interferency  Definitions 
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a 

n(um«rlc«t_ 
db 

Thli  tl|ur«  r«pr«i«irti  lb«  r«tio  ^ 
tti«  |iftw«r  ruU4«d  In  \  flvtn  dlr«0* 
Uon  ff^m  th«  ftMiiuift  to  tlwt  U  «i 
l«Otrop|«  rvUilOf  rwUillnf  tb«  •un« 
totd  pow«r,  ThU  la  th«  nornwi 
miwniri  Of  uttiuui  |ttlA  In  n«td 
lnt«fulty  •quvtloM. 

0.    3p«ctfum  dmulty 

B 

db 

A  pow«r  ftiiMur*  ui*d  to  ••tibU«h 

or 
tr 

or 
db  ftbov* 

th«  pow«r  avall^tol*  ^  •  truuttnltttd 
ilfii^  which  cmn  b4  Itttirc^pttd  bjr 
v«rlcu«  bijndwldth  r«c«iv«r«t  By 
t«Jilaf  into  accojift  tlM  buMhddtli 

ofu  cma  AwlvA  At  total  g^e^iwd 
pow«r. 

lu.                     ><    Slfnii  to 

3/ W 

db 

HomMl  mtunir*     raealTtr  UMflti 

nolM  r«Uo 

20 
a;  4 

3  «  •ifnUj  H  ■  lnt«rn«U7 

h     Slinul  td 

S/t 

Horat^  mtuiir^  t(i  th^  df^f  <tf 

lntarf«rtnc« 

db 

l«it«rf«r«Bc«: 

ratio 

Uf 

S/I 

c«  tnt«rf«renc« 

I/H 

db 

Pvuntttr  For  dltctrnlng  tlk» 

to  ooi«« 

ao 

d«fr««  of  lin«rf«r4oc«« 

r«tla 

lof 

U«  RL08 

Rftdlo  tlo*  «f  «tcht 

la.  EBP 

£ff«ctlv«  poir«r     \  tranamlttcr 
coMldffiliif  Adttnna  filAt  Ute 
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IN  DECIDE  La 

t{ia  db  above  1  mv/m)  ■ 
«  10  log  C    ao  tOff  F„„  -  2fi.7fi 
dbm  m  A  son  LOAOi 


PcU»n  «  20  log  E  (fiv)  -  117 
r 

where      (jjx)  «  voltage  across  the  load  in 
microvolts 


12.  FIELD  INTENSITY  TO  POWER 
DTTENaiTY: 

(dbabove  1  mv/m) 

2 

»  Fd  (db  above  1  m«/m  }  + 116 
2 

where   c(db  above  1  mv/m  )  a  field  intensity 
in  db  above  oae  milliwatt  P«r  meter 

Fd  (db  above  1  mw/m     power  density 
in  db  above  one  milliwatt  per  meter 


13.EFFECTIVE  AREA  TO  GAIN  IN 
DECIBELS: 


A^(db)  =  G  (db)  -  20  log  F       +  38.6 

where  A  (db)  =  effective  area  in  db 
e 


G(db)  =  antenna  gain  in  db 


can  be  measured  in  db  because  by  deflni^ 
tlon  It  is  a  power  ratio 


e  P^' 


14.  USEFUL  CONVERSIONS  AND  FOR- 
MULAS IN  FIELD  INTENSmr  MEASURE- 
MENT, INTERFERENCE  TO  NOISE  RATIO: 

a«  It  (l/N)  DB  >  0 
then  S/(N  + 1)  db  -  I/N)  db 


h.  U  (I/N)  db  <  0 
then  (S/N*|.l)db»(S/N)db 

These  equations  state  that  If  the  db  of  a 
given  Interfering  signal  to  the  Inherent  noise 
level  of  a  receiver  is  (a)  greater  than  0 
then  the  resulting  over*aU  signal  to  noise 
phis  Interference  ratio  is  approximately  the 
difference  between  the  normal  signal  to 
noise  ratio  In  db  and  the  Interference  to 
noise  ratio  in  db.  bi  (2)  If  this  ratio  Is  less 
than  0  then  It  may  be  neglected. 

15*  PROPAGATION  LOSS  ALONG  RL03: 


Fd 


47rR^ 


where  RI03  «  radio  line  of  sight 

ERP    effective  radiated  power 
R  *  distance  from  transmitter 

COIL  CALCULATIONS 

1.  SINGLE  LAYER  COILS 

Single  'layer  cylindrical  colls,  alrwound 
or  on  nonmetaUlc  cores,  may  be  desl^ied^ 
through  he  use  of  Nagaoka's  formula: 

L  « lc(7rdT)^/10^,C 

where   L  =  li»iuctance  In  mlcrohenrys 

d  3  diameter  of  coil  in  centimeters 

X=  length  of  coll  in  centimeters 

T  s  total  number  of  turns 

k  =  is  a  factor  depending  upon  the 
ratio  d/l 

Ttiese  calculations  are  for  tightly  wound 
colls,  where  the  adjacenttumstouchmechan* 
Ically  but  are  electrically  Insulated.  If  a 
spaced  winding  is  used,  a  correction  factor 
must  be  siibtracted  from  the  above.  This 
factor  is: 

A=  2'Trdii  (A  +  B)X 
where    d  ^  diameter"  of  coll  in  centimeters 
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n  «  ntunbdr  of  turns  par  cantlmetar 
Z  m  length  In  centlmnterfl 

A  m  diameter  of  bare  wlre/dJBtance 
between  center  of  turnd 

B « total  number  of  turns  In  coll 

a.  COIL  NOMOGRAPH  *  A  elngle  layer 
coll  calcttlator  nomograph  in  shown  in  Fig- 
ure 12.  ExampleB  of  ualng  the  nomograph 
are  as  follows: 

a*  Example  Number  1: 

Number  of  turns  on  coll  -  100 

Diameter  of  coil »  2  inches 

Length  of  winding  «  0.8  Inches 

diameter     2     ^  . 

To  Und  the  inductance  of  the  coll^  proceed 
as  tbllows: 


(1)  Connect  100  on  N  to  3.5  on  K|  and 
note  the  point  where  the  line  crosses  the 
axle  (3.6). 

(2)  Connect  3.8  on  the  asds  to  2  on  D. 

(3)  Read  the  Inductance  where  this  line 
crosses  L  (600  mlcrohenrys). 


b.  Example  Number  2: 
Diameter  of  coll «  2.5  inches 
Length  of  winding  »  3  inches 

length  3 

Iiktuctance  desired  at  200  microhenrys* 

To  find  the  number  of  turns  required^  pro* 
ceed  as  follows: 

(1)  Craneet  200  on  L  to  2.9  on  D^  and 
note  the  point  where  the  line  crosses  the 
axis  (4.6).  ' 


=  4,000 
—4,000 
=  1,000 

— »,ooo 

=-400 

—  lioo 


3  ^ 


0-1 

=-0.« 


0.  »- 
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s 

i; 

S 

X 
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Figure  12.  Single  Layer  Coll  Calculator 


253 


(2)  Conn«et4.6  od  th6  axlfl  to  0.0  od  K. 

(3)  Road  the  number  of  tuxiu  itrbere  the 
Uoe  croiSM  N  (00  tunu). 

(4)  Ftom  Figure  13  (CollandWlre 
Data),  It  can  be  aeeo  that  ma  coll  could  be 
wound  idth  No.  22  double*cottoD*Covered 
wire. 

POWER,  ENERGY,  AND  THERMAL  UNTTS 

1.  POWER  IN  ELECTRIC  CIRCUITS-  Vovter 
iB  the  rate  of  energy  tranofer.  Ita  unit  is 
the  watt  and  may  be  expredaed  aa: 

P«ExI,p«I^R,  aiMlP«^ 

where  E  »  volta 

I  M  aonperes 
P  »  watts 

In  practice,  the  kilowatt  and  the  horsepower 
are  more  comrenleirt* 

2.  ELECTRIC  ENERGY  •  Electric  energy  is 
equal  to  power  x  time.  The  practical  unit 


of  electrical  energy  Is  the  kilowatt  hour. 
The  Joule  Is  another. 

watt-sec  «  Elt 

where  watt-seC  ■  Joule 

t  It  time  in  seconds 

E  ■'Volts 

I«  amperes 

kilowatt  hour  ^ilOOO  x  (eO)^  joule  or  watts-sec 

3.  THERMAL  UNITS 

a»  Gram*Calorie  *  The  amount  of  heat 
re^julred  to  raise  the  temperature  of  one 
gram  of  water  1*  Centlgraide  is  the  gram* 
calorie: 


Centigrade  interval  m 
fi/S  Fahrenheit  intervals 

Fahrenheit  Interval  ^ 
Centigrade  intervals 
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Temperature  centigrade 
^  S/Ox  (temperature  Fahrenheit  *  32) 

Temperature  Fahrenheit 
^  (0/ES  X  temperature  centigrade)  ^2 

One  gram^'calorie 
■  4.2  watt^seconds  or  Joules 


Magnetomotive  Force 

Magnetomotive  force  relates  magnetic 
potential  to  the  product  ot  ampere  turns* 
It  is  force  which  produces  lines  of  flux  In 
a  magnetic  material. 

F  •  A^m  •  R0  •  BAR  M  HA 


calories  « 


vrhere 

t  »  time  in  seconds 

b.  BTU  -  The  relation  between  the  elec- 
trical energy  In  a  circuit  and  the  heat  In 
BTU: 

H  «  0.057  1^  Rt 
where  H  =  heat  or  BTU 
1 1£  amperes 
t  =  time  in  minutes 


Magnetic  Fhtx 

Magnetic  flux  is  equal  to  the  totaloumber 
of  magnetic  lines  of  force.  Its  dimensions 
are  measured  by  lines  or  maxwells;  1  line  a 
1  maxwell.  Flux  in  a  magnetic  circuit  Is 
proportional  to  ampere  turns  and  Inversely 
proportional  to  the  reluctance  of  the  magnetic 
path. 

0  =  I  =  BA  s  /iHA 

Flux  Density 

Flux  density  is  measured  in  gauss  and 
refers  to  the  total  amount  of  flux  distri- 
buted over  a  given  core  area;  1  gauss  -  1 
maxwell/cm  2, 


MAGNETIC  LAWS 
General 

The  magnetic  law  relating  to  the  param- 
eters of  magnetomotive  force  Is  a  cotmter- 
part  of  Ohm's  Law  for  electromotive  forces. 
If  E  =  IB  in  Ohtii's  Law,  thdn  F  «  0R  in  the 
magnetic  law,  where  electromotive  force  Is 
analogous  to  magnetomotive  force,  F;  elec- 
trical current  Is  analogous  to  ma^ietlc  flux 
0;  and  electrical  resistance  Is  analogous  to 
magnetic  reluctance,  R.  The  two  laws  are 
related  since  an  emf  Is  required  to  establish 
the  nimf  necessary  to  produce  core  flux. 
Several  systems  are  in  use  for  defining 
the  magnetic  parameters;  however,  the  fol- 
lowing definitions  as  to  the  irrational  cgs 
electromagnetic  units,  are  compared  in  Fig- 
ures 14  and  15  with  similar  units  used  in 
other  systems. 


Magnetizing  Force 

Magnetizing  force  is  often  referred  to 
as  Held  strength  and  magnetic  intensity. 
With  units  of  oersteds.  It  is  a  measure  of 
the  magnetic  potential  drop  per  unit  core 
length.  When  a  MMF  of  1  gilbert  is  dis- 
tributed across  1  cm  of  core  length,  the 
magnetic  drop  Is  1  oersted. 

„    F    A'^m     B    BAR  0 

PermeablUty 

Permeability  measures  ease  with  vfalcb 
flux  can  pass  through  a  magnetic  material 
with  reference  to  air.  If  the  number  of  lines 
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of  fluac  In  an  alr-eorc  ooU  wer«  lne»M«d 
by  5,000  wtun  InBerhng  a  magnetic  material 
Into  It,  th«  permeablUty  of  the  material 
would  be  8,000.  One  oereted  of  magnetising 
force  wlU  produce  1  gauet  of  flux  density 
when  the  permemblUty  la  1. 
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^  _  gauag 
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Beluctanoe  la  a  meaaure  of  the  oppoal* 
tlon  offered  to  llnea  of  flux  In  the  magnetia 
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Figure  14.  Magnetic  Formulas  and  Symbols 
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path  of  a  core,  tta  value  I0  dependent  upon 
the  physical  dlmendlons  and  permeoMUty 
of  the  core.  The  electrical  counterpart  of 
reluctance  Ifl  restatance;  however,  reluct- 
ance haa  an  additional  characterlatlo  In  that 
It  changes  with  permeability,  since  per- 
meability changes  with  flux  density  In  most 
magnetic  materials  (certain  powder  cores 
bring  exceptions),  the  Inductance  becomes 
conversely 

^txA   |Bj^  BA  p   BA  P  maxwells 

Permeance 


Reluctivity 

This  unltlsthereclprocalofpermeaUlllty. 
Any  of  tho  permeability  formulas  with  the 
denominator  and  numerator  Inverted  may  be 
used  to  find  reluctivity. 


Tractive  FOrce  of  Biagnetlca 

To  calculate  the  ''pull"  of  a  magnet  on 
a  piece  of  steel,  we  use: 


Tb«  permeance  of  a  magnetic  material 
defines  Its  ability  to  pass  flux.  Since  p^r* 
meance  is  the  reciprocal  of  reluctance,  any 
of  the  reluctance  formulas  may  be  used  to 
find  permeance  by  interchanging  the  denom* 
Itiator  with  the  numerator. 


where    f  >  pull  of  magnetic,  pounds 

B  3  am  density  In  alrgap,  gausses 

A  s  area  of  alrgaptf,  square 
centimeters 
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MATBSU/^TICAL  FORMULAS  AMD  TABLES 


ARITHMETIC 

Matbematlcfl  Ifl  a  valuabk  tool.  ThU  Ui 
60P0CUU7  trtM  of  circuitry  becaii««  ttw 
evaluation  of  an  electronic  circuit  Ui  largely 
a  study  of  linear  equatloiui*  An  exaiuple  le 
tbe  linear  relation  of  Obm'i  Lair« 

E  « IR 

1.  REAL  NUMBERS  The  real  nund>er 
aystem  conalate  of  aero;  all  whole  numbers; 
all  rational  numbers;  ivhlch  canbe  expressed 
as  whole  numbers  In  fractional  form;  and  all 
Irrational  numbers,  which  cannot  be 
expressed  as  simple  fractions* 

2.  POWERS  OF  TEN  *  Calculations  often 
consist  of  unwieldy  numbers  and  decimal 
fractions  that  can  cause  errors  because 
of  a  misplaced  decimal  point,  an  accidental 
omission,  or  tbe  addition  of  a  cipher.  By 
using  the  powers  of  10  or  exponents,  a  large 
number  can  be  changed  to  another  fbrm  which 
la  easier  to  handle.  In  the  powers  of  10 
system,  a  whole  or  nUxednumber  Is  expressed 
as  the  product  of  a  factor  (usxiaUy  less  than 
10)  and  the  appn^rlate  posltlTe  power  of  10. 
To  6Ualn  the  isictor,  more  the  decimal  point 
the  required  nunaber  of  places  to  the  left. 
The  value  of  tbe  positive  ejcponent  of  10  Is 
equal  to  tbe  number  of  places  tbe  decimal 
point  Is  moved.  Thus,  tbenmnber  300,000,000 
can  be  written  as  3  x  10^.  Slmllarlyt  a 
decimal  fraction  Is  e^rpressed  as  the  product 
of  a  factor  and  tbe  appropriate  negative  power 
of  10.  In  this  case,  thedeclmalpolntls  moved 
the  required  number  of  places  to  the  right 
to  obtain  tbe  f^u:tor,  and  tbe  value  of  tbe 
negative  exponent  ts  equal  to  tbe  number  of 
places  tbe  decimal  point  is  moved.  Thus, 
0.000,000,049  can  be  written  as  4.0  x  lOrS 
while  7,420^000,000  can  be  written  as  7.42  x 
l(fi  (Figure  16). 

a.  EXAMPLES: 

(1)  S2,000  X  0.000000375  x  0.00004  x 
IBSfOOO  X'  60  reduced  to  powers  of  ten: 

5.2  X  10^  X  3*75  X  10"''  x  4  x  lOr*  x  1.55 x 
105x60 


I*  Li' 

i  ■  10^ 

100  ■lo' 

0.41  ■  10'* 

1000  ■  10* 

O^OOI  HlO'* 

lOiOOOaLtt^ 

LOO.OM*  10* 

0.00041  ■  10'* 

hO4«t0O0<tL0* 

OtMHMMI  ■  LO** 

Figure  16.  Exponents 

In  multiplication,  add  tbe  exponents  algo* 
bralcally^  thus; 

3.75  x4xl.55x60x5.2xlO"^«  7,254x0.001 
Answer:  =t  7.254 

(2)  0.0000014  X  0.000007  x  3J1416  x 
150,000  X  0.00014  reduced  to  powers  of  ten: 

1.4  X  lOrS  X  7  X  lOrS  x  3.1416  x  1.5  x  10^  x 
1.4xl0r4 

Add  tbe  exponents  algebraically,  thus: 
1.4  X  7  X  3.1416  X  1.5  x  1.4  x  lOrll 
Answer.  ^  0.0000000006464 

-6.464x10"" 

M  64.64  X  10'" 

n  646.4  X  lO"'* 

b.  FIVE  S1MP1£  RULES  FOR  HA11DLING 
EXPONENTS: 

(1)  When  multiplying  numbers,  add  tbe 
exponents. 

When  dividing  numbers,  subtract  the 
exponents. 

(3)  When  squaring  a  number,  dotible  Its 
exponent  . 

(4)  When  obtaining  a  square  root,  halve 
the  expiMient. 
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Figure  17.  Table  of  Squares  and  Square  Roots* 


Figure  17*  Table  of  Squared  and  Square  Rooti  (Contd) 
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Figure  U,  Table  ot  Squares  and  Squar«  Roots  (Contd) 
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«  w 

4l»ttltt 

14.21190 

MklOOlOAl 

*UVVTV 17V 1 

354 

64f3t6 

1 A  4^1 

iui*o^90IUI 
*inf37J7WII 

43^033 

14h3  t73 

AOiJlTJlfllQ 
*VVvv'  OVV7 

353 

63*035 

tft  0Aft9 

iUl4CI9l  CAD 
tW07Al9O7 

42,436 

14J337 

*0040S4369 

256 

63,336 

16*0000 

*00990635O 

307 

42,349 

14,3075 

*004»30918 

257 

66,049 

16*0312 

,003891051 

20fl 

14,4*** 

4CB 

QCl*3v4 

lA  AA4A 
i4*vvA4 

*00387a9v9 

9M 
•wy 

*W47ll4vV7 

4  CO 

A  ay 

AAt 

t  A  MI41 

iUl^ftftlllAA 

tVV38vlOQ4 

2IU 

^  1AA 

t  A  AII1 A 
14,4714 

*iKMi7viyva 

4An 

aDv 

A9  AAA 

V4  *WV 

16*1343 

*VU9S40l94 

211 

44,931 

14,5350 

.004739336 

261 

63,131 

16,1553 

*00333t4t3 

212 

44.944 

14*5603 

*0047t6981 

263 

66,644 

16*1364 

*003816794 

43i3tt9 

i4*974v 

AfUAOUUK 
*Vv4074vdV 

9A4 

AvJ 

AO  mo 

07*107 

10*  A 179 

*VVAOVAAVi 

11  A9fi9 

H*V«V4 

*vV4O7«077 

4iU 
An4 

AO  AAA 
n7iOyD 

11  4A41 
in*A44i 

*vv9i7878T7 

t  A  JU4tt 
|4,vv*7 

Aoa 

7v*ZAa 

11  47B4 

tOOSTTjaOS 

3t6 

46,656 

14.6969 

*OO4639630 

366 

70*756 

16,9095 

*003759998 

317 

47*009 

14.7909 

,004600293 

367 

71,389 

16*9401 

*009763313 

«ia 

47*a«4 

tl  9AiJI 
n*4  mo 

AAA<Wt4A 

jOv4aa7l wv 

AvO 

*  1,4*4 

tl  491)9 

|0*37v7 

iM^9^t414 

*inf J7J|44a 

2iy 

47*961 

4  7vV 

C014M91C 

4AO 
aOV 

99  iKt 

tft  lAt9 

004919194 
*WQ7 1747a 

t4.A494 

AAA 41 4144 
*UV4  34  341*9 

99A 

A  4  V 

92.000 

f  A*7W 

10*441  J 

OA49A49lkA 

tVV37Vdi7V4 

331 

40.341 

]  4.3661 

*00453480T 

371 

73,441 

16.4631 

*003690037 

322 

49,264 

14*0997 

*00450450$ 

373 

73*984 

16*4934 

*003676471 

47*  4  4(7 

11  04^9 

fbAAAJkAlA4 

379 

76,539 

16*5227 

*W4VV4VV4 

11  4#M& 

JMUAA49ftA 

271 

AH 

73,076 

tl  4C9tt 
10*39*7 

OA5lftlOftjl4 

SAjd2£ 

I9*1AAAF 

274 
•  •  a 

75*625 

1ft  4M1 

OOtfttftlAl 

*Wr4tl4Vvv4 

226 

SL076 

15*0333 

*004424779 

376 

76,176 

16,6193 

,003623188 

127 

51*529 

13*0665 

*00440$236 

•  277 

76,729 

16*6433 

*0036tOl06 

ai*yo4 

IC  AAA9 

MUM40AS 

A  f  O 

r7,Av4 

1ft  1444 

004409199 

a*«44i 

14  1 197 

MilJtAiUll9 
*inn4vQai>* 

i^O 

A  (  7 

77,841 

1ft  904% 

*VVwvmAA7 

e4  4An 

14  tJtUI 

*VV444 1  mMP 

Sun 

9lt  lAA 

1ft  n\s 

iv»  *vvA 

AA4491A90 
,W49f  i4Ay 

231 

53*361 

15*1937 

*004329004 

331 

78,961 

16,7631 

*0035387t9 

223 

33,024 

15*2315 

*0043^0343 

232 

79*524 

16,7929 

*003546099 

tA  4flO 

t4  9A1jI 

hAA90lftlS 
*uvv*7 1 

9ftl 

HA  AM 

1ft  ft99rft 

44  J  * 

14  90f  1 

AAA97^4AA 
*UV44  ,4wV4 

**r4 

11  4494 

jAf|4<9l  1  97 
^WtaAi  lA  • 

94  < 

ia*jjC7f 

ArtA94C4lO 
*VV4jf3M47 

9M 

A<H 

41  494 

1 1  4410 

iO*OQi7 

0A^4Aft979 

236 

55,696 

15.3623 

.0Q42373M 

386 

81,796 

16*9115 

,003496503 

227 

56.169 

tS394« 

,004319409 

287 

*  32,369 

16*9411 

,003484321 

«H<F44 

M\A9AtlCJI1 
*UU4*U|0vI 

4U 
AH 

fl9  411 

10*7100 

*Vv94732Z4 

*39 

C4  141 

1 9.4990 

AAAlAAinn 

440 
AW 

flC  C4l 

19  onM 

AO.41AA90O 

4jji 

AAA 

ia*47i7 

AAAlJtiUA9 
*UV4i0v4V 

9QA 
A7V 

44k  IWr 

1^  A4AA 

*Ww444Af  V 

341 

30.0St 

15*5343 

,004149973 

291 

84^1 

17*0587 

*0«3436436 

243 

30*564 

15^3 

*00413223t 

293 

83^64 

17*0880 

,003424658 

343 

59,049 

15,5883 

,004115226 

299 

83,849 

17,1172 

*0034t3969 

344 

59*536 

15*6305 

,004098361 

394 

86,436 

17*1464 

*00340t36t 

345 

60.025 

15*6533 

*0040ai638 

295 

87,025 

17,1756 

,003)89831 

346 

60^16 

15*6344 

.004065041 

296 

37,616 

17.2047 

,003378378 

347 

61,009 

15*7163 

.0O4O4A5B3 

297 

8SJ09 

17*2337 

,003367003 

34a 

61,504 

15.7480 

*0040922S3 

298 

83,804 

17*2637 

,00335570$ 

349 

62,001 

15.7797 

.004016064 

299 

89,401 

17*2916 

*003344482 

250 

62.500 

15*0114 

,004000000 

300 

90^000 

17.3205 

*003338333 

122 
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Figure  17.  Table  of  Squareii  and  Square  Roots  (Contd) 
no.     m.\vMt«    Ml.  root     rectprouul        lui.      mitinrc   ''iq.  root     i-tt  lpriMiil 


301 

90,601 

17*3494 

*003323Zfi9 

302 

91.204 

17*3781 

*003311258 

301 

9MD9 

17*4069 

*003300330 

)04 

9Z»416 

17*4356 

*0032m74 

30S 

93,02S 

17.4642 

.003270689 

306 

93*636 

17.4929 

*003267974 

307 

94i249 

17*5214 

.003237329 

308 

94,864 

17.5499 

.003246753 

309 

95*481 

17*5784 

*003236246 

310 

96*100 

17.6060 

.003225006 

311 

96,721 

17.6352 

*003215434 

312 

9Tt344 

17.6633 

.003205128 

313 

97*969 

lL69ia 

.003194888 

314 

98,596 

17*7200 

*00318471B 

313 

99,233 

17.7402 

.003174603 

316 

99,856 

17.7764 

.003164557 

317 

I0a489 

17.8045 

*003154574 

318 

101*124 

17.8326 

.003144654 

319 

101,761 

17.8606 

.003134796 

330 

I02i400 

17.8085 

.003125000 

321 

103,041. 

17.9165 

.003113265 

322 

10X684 

17.9444 

*003103590 

323 

104.329 

17.9732 

*0030959T5 

324 

104,976 

18.0000 

.003086420 

323 

105.625 

18.0378 

*003076923 

326 

106J76 

18.0553 

.003067485 

327 

106*929 

18.0831 

.003058104 

32S 

107,584 

18.110$ 

.003048780 

329 

106.241 

18.1364 

.003039314 

310 

108,900 

18*1659 

.003090303 

331 

109*561 

18.1934 

.003031148 

332 

110r224 

18*2309 

.003012048 

333 

110^ 

18*2483 

.003003003 

334 

111,556 

18,3757 

.002994012 

a33 

112.225 

18.3030 

.002985 0T5 

336 

112.896 

18.3303 

.002976190 

337 

11X569 

10.3376 

.002967339 

338 

114,244 

18.3848 

.002958580 

a39 

114,921 

18.4120 

.002949853 

340 

115,600 

18.4391 

.002941176 

341 

116,281 

18.4662 

.003932331 

342 

116*964 

18*4932 

.00292397? 

343 

117,649 

18.5303 

.002913452 

344 

118*336 

10.5472 

.002906977 

34$ 

119*025 

18.5743 

.002898551 

346 

119*716 

18.6011 

*002890173 

347 

120*409 

18.6379 

.003881844 

340 

121*104 

18.6548 

*Q02873563 

349 

121,301 

18.6813 

.002865330 

330 

123.500 

18.7003 

.002857143 

331 

123*201 

18.7350 

.002849003 

332 

123.904 

18*7617 

.002840909 

353 

124*609 

18*7083 

* 00 2832061 

354 

125*316 

18*8149 

.002824859 

355 

126*023 

18.8414 

.002116901 

356 

126*736 

18.0680 

.002800989 

357 

127*449 

18.0944 

.002801120 

350 

128J64 

18*9209 

*00 2793396 

359 

128,881 

18.9473 

.003785515 

360 

129*600 

18.9737 

.003777778 

361 

130,321 

19.0000 

.003770083 

362 

131*044 

19.0263 

.002762431 

363 

131,769 

19.0526 

.002754821 

364 

132,496 

19.0788 

.003747233 

363 

13X225 

19.1050 

*003739726 

366 

133*956 

19*1311 

.002732240 

367 

134,689 

19.1572 

.002724796 

368 

135,434 

19.1833 

.002717391 

369 

136*161 

19.2094 

.002710037 

370 

136*900 

19.2354 

.003703703 

371 

137*641 

19.2614 

.002693418 

372 

138.384 

19.2873 

.002688172 

373 

139*139 

19.3132 

.002680965 

374 

139*876 

19.3391 

.003673797 

375 

140*625 

19.3649 

.002666667 

376 

141*376 

19.3907 

.002659574 

377 

142.129 

19.4165 

.002652520 

378 

142*884 

19.4422 

.002645503 

379 

143*641 

19.4679 

.002638522 

380 

144*400 

19.4936 

.002631579 

381 

145*161 

19.3192 

.003624672 

382 

145,924 

19*544$ 

.002617801 

383 

146,689 

19.3704 

.003610966 

384 

147*456 

19.5939 

.002604167 

383 

146*223 

19.6214 

.002397403 

386 

148*996 

19.6469 

.002590674 

387 

149.769 

19.6723 

.002383979 

388 

130^44 

19.6977 

002S773!!0 

389 

131*321 

19.7231 

.002370694 

390 

132*100 

19.7484 

.002564103 

391 

132. 8B1 

19.7737 

.002337545 

392 

153*664 

19.7990 

.002551020 

393 

134,449 

19.8243 

.002544329 

394 

135,236 

19.8494 

.002538071 

395 

156*023 

19.8746 

.003531646 

396 

156*816 

19.8997 

.002325253 

397 

157.609 

19.9249 

.003518892 

398 

138,404 

19.9499 

.002512563 

399 

139*201 

19.9750 

.002306266 

400 

160,000 

2A.m>00 

.003500000 

2o2 
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Figure  17.  Table  of  Squares  and  Square  Roots  (Contd) 


no, 

>q.  root 

reciprocal 

no. 

oquAlo 

N1*  root 

r«ctpr«cnl 

401 

160*801 

20.0200 

.002493766 

451 

205,40 1 

21.2368 

.002217393 

402 

16lt604 

20.0499 

.002487iw2 

A 

452 

204,304 

21.2603 

.002212389 

403 

162*409 

20.0749 

Art  AlA#  1 4fwi 
.00248 139v 

463 

203*209 

21.2838 

.002207506 

404 

163*216 

20.0998 

AAA  M  W  A  M 

.002475248 

Alt  A 

4S4 

200.116 

21.3073 

.002202643 

405 

l64k03S 

20. 1246 

nn  A  J  ^  A  ,  4  ^ 

.002409136 

430 

207,025 

21.3307 

« 002 197802 

406 

164|U6 

20.1494 

.002463054 

456 

20T,9U 

2L3542 

.002192982 

40T 

t  it  A  iUO 

looiMv 

20.1742 

AAA  d    V    A  A 

,002457002 

457 

208,849 

2  L 3776 

JiA  AV  AA*  a  d 

.002188184 

408 

166.464 

20.1990 

AAA J  VAAan 

.092490980 

438 

209.764 

21.4009 

.002183406 

409 

20.223T 

AAA J  J  J ABA 

.002444989 

459 

210,681 

21.4243 

AAA  %  Td<  M  A 

.Q03IT8649 

410 

IMi  iw 

20.2485 

AAA  J  ViVlA  A 

.002439024 

460 

All  £AA 

211.600 

21.4476 

.002173913 

4U 

168,921 

20.2731 

.062433090 

461 

212,521 

21.4709 

.002169197 

1  AO  4jA  J 

lQVtT44 

20.2978 

.002437184 

462 

213,444 

21.4942 

.002164502 

4l3 

1  T0tS69 

20.3224 

jh-«kA 

.002421308 

463 

214,369 

21.5174 

.0021S9B27 

414 

171i396 

20.3470 

AAA J  t  A  J  E A 

.002413459 

Ad.A 

464 

At*  A AJ 

219,296 

21.54QT 

.002153172 

415 

1  T2|2Z9 

20.371S 

AAtk  M  AfU  A  A 

.002409639 

405 

216^25 

21.5639 

.002130538 

416 

173.056 

20.3961 

.002403846 

466 

217,156 

21.5870 

.002145923 

41T 

173*849 

20.4206 

A  A  A4  A  A  A  A  A 

.002398082 

467 

218,089 

21.6102 

.002141328 

J  1  n 

41B 

1  TVf  724 

20.4450 

AAnVAAA  d  J 

.003392344 

4oo 

Al  0  AA^ 

219.024 

21.6333 

.002136752 

419 

ITS4S6I 

20.4695 

nn  a4  Af  f  •  ^ 

.002386635 

JXA 

469 

Al  A  &£t 

219,961 

21.6564 

.002132196 

420 

176,400 

30.4939 

nn  44  A AAC  A 

.002380952 

470 

220^900 

21.6795 

AAA  ,  Aff^f 

002137660 

421 

177,241 

20.S183 

.002375297 

471 

221,841 

21.7025 

.002123142 

422 

178>084 

20.5426 

.002369668 

472 

n  nn  4  A  j 

222^784 

21.7256 

AAA 4  A  A  f  A  A 

.002118644 

423 

178;929 

20.S670 

.002364066 

473 

223,729 

21,7486 

.002114165 

424 

179,776 

20.5913 

^002358491 

474 

224.676 

21.7715 

.002109705 

42S 

180*625 

20.61  SS 

^002352941 

475 

225.625 

21.7945 

.002105263  ■ 

426 

181,476 

20.6398 

.002347418 

476 

226.576 

21.8174 

.002100840 

427 

182;329 

20.6640 

.003341930 

J44 

477 

227,529 

21.8403 

^002096436 

428 

183,184 

20.6882 

.002336449 

478 

AAA  J  n  J- 

228*484 

21.8632 

.002092050 

1S4^041 

20.7123 

.002331002 

4*V 

229*441 

21.8861 

AAJl  A  A  A4 

4002007683 

430 

184,900 

20.7364 

.002325381 

480 

44a  JAA 

330,400 

21.9089 

.H-^  Ann.  A  A  iB-M 

.002083333 

431 

185,761 

20.7605 

.002320186 

481 

231,361 

£1.9317 

.002079002 

432 

1^6,624 

20.7846 

.002314815 

482 

232,324 

21.9545 

A  A  An  ^ 

.002074689 

433 

137,489 

20.8087 

.002309469 

483 

A4  A   nj*  A 

233,289 

21.9773 

AAA  A4A  A  An 

.002070393 

434 

183.356 

2V.B327 

AAA4  A  J  1  J 't 

.002304 147 

4« 

234.256 

23.0000 

.002v60lI6 

43  S 

l89i22S 

20.8S67 

A  A  A  A  nn  n-i*  4 

.002298851 

485 

A4E  AAf 

22.0227 

hA  AA-^  4  A0^ 

.002061856 

43A 

190,096 

20.8806 

.002293578 

486 

236^196 

22.0454 

.002057613 

437 

190,969 

20.9045 

A  A  An  nn4.n  A 

.002288330 

487 

237,)  69 

22,0681 

AAA         PI  A  A  A 

.002 053388 

438 

191,844 

20.9284 

AAAAnPV-4  A# 

.002283105 

488 

238,144 

22:0907 

hA  AA  J  A  4  AA 

.002049180 

439 

192,721 

20.9523 

jtAA  H  ^4  AA  J 

.002277904 

489 

239,121 

22.1133 

A  AAA  J  A  AAA 

4OO2O4499O 

4^10 

193,600 

Z0.976Z 

A  A  Ai4  AHftn* 

.00227373^ 

490 

240.100 

22.1359 

4OO2O4O8I6 

441 

194^1 

21.0000 

.00Z267S74 

491 

241,081 

22.1505 

.002036660 

442 

195,364 

21.0238 

.002262443 

492 

242,064 

22.1811 

.002032520 

443 

I96jr49 

21.0476 

.00Z2S7336 

493 

243,049 

22.2036 

.002028398 

444 

197,136 

21.0713 

.002252252 

494 

244.036 

22.2261 

.002024291 

44S 

198.023 

2t.09S0 

.002247191 

495 

245,025 

22.2486 

.002020202 

446 

198,916 

21.1187 

.002242152 

496 

246.016 

22.2711 

.002016129 

447 

199.809 

2t.l424 

.002237136 

497 

247,009 

23.2935 

.002012072 

448 

200V704 

21,1660 

.002232143 

498 

24^004 

22.3159 

.002008032 

449 

201.601 

21.1896 

.002227171 

499 

249.001 

22.3383 

.002004008 

4r»o 

20Z500 

21.2132 

.002232222 

500 

250.000 

22.3607 

.002000000 

263 


Figure  17*  TabU  of  Squares  and  Square  Rooti  (Contd) 


■quara 

8(|.  root 

no. 

Mtuuro 

ic|.  iioot 

rocLpnK'jil 

311t00l 

22.581D 

.001996008 

851 

SDlt6D] 

21.4734 

.001814082 

351*004 

22.4054 

.001992012 

552 

5D4,704 

21.4947 

.001811594 

ao5 

353,009 

22.4277 

.001980012 

551 

lD5t809 

21.5160 

.001808518 

fl04 

354,016 

22.4499 

.0019B4127 

554 

106,916 

21.8372 

.0018DSDS4 

SD5 

335tD2S 

22.4722 

«00 1980198 

555 

lDe/k2S 

21.5584 

.001801802 

S06 

334(,036 

22.4944 

.DD1976285 

556 

109,116 

23.5797 

.001798561 

35Tf049 

22.5167 

.001972107 

557 

11D,249 

23.6008 

.001795333 

350,064 

22.5189 

.p01968504 

558 

311,164 

21622D 

.001792115 

3:^9,  DOl 

22.561  D 

.001964617 

559 

112,48t 

23.6432 

.001788409 

SID 

360,100 

22.3012 

,001960754 

560 

311,600 

21.6643 

.001785714 

511 

361,131 

22.6053 

.001956947 

561 

314*721 

21.6854 

.001782531 

513 

363,144 

22.6274 

.001951125 

562 

115*844 

25.7065 

.001779159 

518 

363,169 

22.6495 

.DD1949118 

563 

116*969 

21.7276 

.001776199 

514 

264,196 

22.6716 

.001945525 

S64 

318.090 

23.7487 

.001771D5D 

515 

365^5 

22.6936 

.001941748 

565 

319.225 

21.7697 

.001769912 

516 

366,356 

22.7156 

.001957984 

566 

12D*356 

25.7908 

J0017657a4 

51T 

367,289 

22.7176 

^001914236 

567 

321.489 

21.8118 

.001763668 

51B 

268,324 

22.7596 

.0019105D2 

568 

323;624 

23.8328 

.001760563 

519 

269,361 

22JS16 

.001926782 

569 

523,761 

23.8537 

.001757469 

53D 

270^400 

22.6035 

.001921D77 

57D 

124,900 

23h8747 

.001754386 

521 

271,441 

22.82S4 

.001919166 

571 

126*041 

218956 

.001751311 

522 

272.484 

22.8473 

.001915709 

572 

127.184 

21.9165 

.001748252 

521 

273.529 

22.0692 

.001912046 

571 

328*129 

23.9374 

.0017452D1 

534 

274*576 

22.891Q 

.001908397 

574 

129*476 

21.9583 

.001742160 

535 

275,625 

22.9129 

.00 1904762 

575 

310*625 

23.9792 

.001739130 

526 

276t676 

22.9347 

,001901141 

576 

111,776 

24.0000 

.001736111 

527 

277,729 

22,9S6S 

.001897513 

577 

332*929 

24.0208 

,001733102 

539 

278.784 

22.9783 

.001893919 

578 

534*084 

24.0416 

.001T3D104 

i» 

279^1 

25*0000 

.001890359 

579 

335,241 

24.0624 

J001727116 

51D 

280.900 

21.D217 

.001886792 

580 

336,400 

24.0832 

.001724138 

511 

28L961 

21.0434 

.001883239 

581 

337rS61 

24.1039 

.001721170 

533 

283,024 

23.0651 

.001879699 

582 

338.724 

24.1247 

.001718211 

533 

284 A89 

23.0868 

.001876173 

583 

339,889 

24.1454 

J0017 15266 

514 

285tl56 

2X1084 

.001872659 

584 

341,D56 

24.1661 

,001712329 

535 

286.22$ 

23.13D1 

.001869159 

585 

342*225 

24.1868 

.0017094D2 

516 

287^296 

21.1517 

.001865672 

586 

343.396 

24.2074 

,001706485 

5  IT 

288.369 

21.1733 

,001862197 

587 

344.569 

24^81 

.001703578 

53« 

289.4a 

23.1948 

.001858736 

588 

345.7U 

24.2487 

.00170068D 

519 

290.521 

23.2164 

.001855288 

589 

146*921 

24.2693 

.001697791 

540 

23.2379 

.001851052 

590 

148,100 

24.2899 

.001694915 

541 

292,681 

23.2S94 

001048124 

591 

349L281 

24ull05 

.001692047 

542 

293*764 

23.2809 

,001845018 

592 

350.464 

24.3311 

.001689189 

543 

294^849 

23^D24 

,001841621 

S93 

351,649 

24.3516 

.001686341 

544 

295*916 

23.3238 

,001838235 

5H 

152.836 

24.1721 

,001683502 

S45 

297.D25 

23.34S2 

.001834862 

595 

354*025 

24.3926 

.001680672 

546 

29l;il6 

23.3666 

.001831502 

596 

35S.216 

24.4111 

.001677852 

54T 

299.209 

23.3880 

.001828154 

597 

356,409 

24.4336 

.001675042 

548 

300*304 

23.4094 

.001824818 

598 

357,604 

24.4540 

.001672241 

549 

301,401 

23.4307 

,001821494 

599 

358.801 

24.4745 

.001669449 

5S0 

3D2.S0O 

23^21 

.001818182 

600 

360.000 

24.4H9 

.001666667 
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Figure  17.  Table  of  Squares  and  Square  Roots  (Contd) 
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60t 

36tt20t 

24,5133 

.001663894 

631 

423,001 

254147 

,001536098 

603 

362(404 

24,9357 

,001661130 

652 

423tl04 

23.5343 

,001533743 

603 

363.609 

244S61 

.00163B373 

633 

426,409 

23,3539 

,001331394 

604 

364,816 

24p5764 

1001635629 

634 

427t7l6 

334734 

.001529033 

60S 

366*023 

24pS967 

.001632893 

635 

439t02S 

23,5930 

.001336710 

606 

367,236 

24.6171 

.001630165 

656 

430,336 

25.6125 

.001334390 

607 

360,449 

24.6374 

.001647446 

657 

431,649 

35.6320 

,001322070 

600 

369,664 

24.6577 

.001644737 

630 

432.964 

23.6315 

.001319757 

609 

37<K88i 

24.6779 

i001642036 

659 

434^81 

25.6710 

.001317431 

610 

3731.100 

24.6902 

.001639344 

660 

435.60s» 
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.001515153 

6tt 

373421 

24.7184 

.001636661 

661 

436,921 

25.7099 

.001513859 

6t3 

374^344 

24.7306 

.001633907 

662 

438,244 

23.7394 

.001510574 

6t3 

37S.769 

24.7608 

.001631321 

663 

439,369 

33.7408 

i001500396 

6U 

376,996 

24*7790 

.001628664 

664 

440,896 

25.7602 

.001506024 

615 

370JZ25 

24.7992 

.001626016 

665 

442425 

23.7876 

.001503759 

616 

379,456 

24.8193 

.001623577 

666 

443456 

35.0070 

.001501502 

617 

30^9 

24.8395 

.001620746 

667 

444.089 

35.8263 

.001499250 

610 

381,924 

248S96 

.001610123 

660 

446^224 

35.8457 

.001497006 

619 

383,161 

24.8797 

.001615509 

669 

447,361 

35.8650 

.001494768 

620 

384,400 

24.8998 

.001612903 

670 

448.900 

23.8844 

.001493337 

621 

385t64i 

24.9199 

.001610306 

671 

450,241 

25^9037 

.001490313 

622 

586,fld4 

24.9399 

.001607717 

672 

45h384 

25.9330 

.001488095 

622 

388,139 

24.9600 

.001605136 

673 

452.929 

33.9422 

.001485884 

634 

309476 

24.9800 

.001602564 

674 

454,376 

35.9615 

.001483680 

625 

390.62S 

25.0000 

.001600000 

675 

455^635 

25.9808 

.001481481 

626 

391,876 

23.0200 

.001597444 

676 

456*976 

26.0000 

.001479290 

627 

393tl39 

25.0400 

.001594896 

677 

458,329 

26.0193 

.001477105 

620 

394484 

25.0599 

.001592357 

678 

459,604 

36.0384 

.001474926 

629 

39S,641 

25.0799 

.001589825 

679 

461,041 

26.0576 

.001473754 

610 

396,900 

25.0990 

.001507303 

600 

462.400 

26.0768 

.001470588 

631 

398,161 

25.1197 

.001584786 

681 

463,761 

26.0960 

.001468429 

632 

399,424 

25.1396 

.001382270 

682 

465,124 

26.1151 

.001466276 

633 

400.609 

25.1595 

.001579779 

683 

466.489 

26.1343 

.001464129 

634 

401,956 

25.1794 

.001577287 

604 

467,856 

26.1534 

.001461988 

635 

40342S 

25.1992 

.001574803 

605 

469,325 

36.1725 

.001439854 

636 

404.496 

23^190 

.001372327 

686 

470.596 

26.1916 

J00145T736 

637 

405.769 

23^9 

.001569859 

687 

47L969 

26.2107 

.001455604 

638 

407,044 

25^87 

.001567398 

688 

473,344 

26.2398 

J0014S3408 

639 

408421 

25.2784 

.001564945 

689 

474.721 

26.3408 

.001451379 

640 

409*600 

25.2982 

.001562500 

690 

476,100 

26.3679 

.001449375 

641 

41<K001 

25.3100 

.001560062 

691 

477,401 

26.2869 

.001447170 

642 

412.164 

25.3aTr 

.001537632 

692 

478464 

26.3059 

.001445007 

643 

413,449 

25.3S74 

.001555210 

693 

48fK249 

26.3249 

.001443001 

644 

414.736 

254T72 

.001552795 

694 

481.636 

26.3439 

.001440922 

645 

416,023 

25.3969 

jOOI  350388 

695 

483,025 

264639 

.001438849 

646 

417416 

25.4165 

.001547988 

696 

484.416 

264810 

.001436782 

647 

418.609 

25.4362 

.001545595 

697 

485,809 

26.4000 

.001434720 

648 

419.904 

25.4358 

.001543210 

690 

487404 

26,4197 

.001432665 

649 

421,201 

25.47S5 

.001540833 

699 

488,601 

.U.4386 

.001430615 

650 

422,500 

2S.4951 

.001538463 

700 

490.000 

26.4375 

.001428571 
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Figure  17.  Table  of  Square  a  and  Square  Roots  (Contd) 


M],  rtHit 

701 

491*401 

26^4764 

,001426334 

761 

564*001 

37,4041 
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703 
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,001424801 
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703 
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704 
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4T  4^01 
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70S 
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.001418440 

755 

S7a023 

27.4773 

,001324503 

70« 

496,436 

26,5707 

i 

.001416431 

756 

571*536 

37,4955 

,001322751 

707 

499,649 

26^5095 

.001414427 

757 

573,049 

27,5136 

,001321004 

708 

301,264 

26<6063 

,001412439 

756 

574,564 

37,5310 

,001319261 

26.6271 

fay 

47  CCflA 

,00191 TaZj 

710 

304.100 

26.6450 

.001406451 

760 

577,600 

27,5601. 

.001315789 

711 

50S«521 

26.6646 

.001406470 

761 

579,121 

^7.3062 

.001314060 

713 

506*944 

26,6833 

.001404494 

763 

580*644 

27.6043 

.001312336 

715 

506,369 

26,7021 

,001402525 

763 

12,169 

27.6225 

.001310616 

1 14 

f|A|  JjMCAA 

,  iFU  1  wmaou 

TfUt 

iW4 

44  AjIAB 

.D0190B901 

715 

511*225 

26.7395 

,001390601 

765 

565,225 

27.6586 

.001307190 

716 

512.6S6 

26.7582 

.001396648 

766 

57.6767 

.001305463 

717 

5K0tt9 

26.7769 

.001394700 

767 

588,269 

27.6946 

.001303701 

711 

51S.524 

26<7955 

.001392758 

768 

569,624 

27.7120 

.001302083 

719 

*  0,01 4* 

769 

aTl,301 

ZT,f JUH 

.001 900990 

720 

516,400 

26.8320 

.001360869 

770 

392,900 

57,7489 

.001290701 

731 

519,641 

26.8514 

.001366963 

771 

594,441 

27.7669 

.001297017 

723 

S2U64 

26.6701 

.001385042 

772 

595,964 

37.7649 

.001295337 

723 

522.729 

26.8687 

.001383126 

773 

597,52V 

37.8029 

.001293661 

724 

26.9072 

.  IFU  1  tl  B 1  ^  t  a 

174 

a7y,ujc 

4^  a4fWk 

■lAl  4<11  OdA 

72S 

523t62S 

26!9256 

.001379310 

775 

600,6r 

57.8386 

.001290323 

726 

527,076 

26,94U 

.001377410 

776 

602,1**6 

57.6560 

.001288660 

•m 

528.529 

26,9629 

.001375516 

777 

603,729 

27.6747 

.001267001 

726 

529,964 

26.9815 

.001373626 

776 

605,264 

27.6937 

.001285347 

729 

531  441 

.IFUitl  ( 1  (44 

770 

AMi  a  At 

*7,t1U0 

tU\t  4A4.CA^ 

tlHlX2o36yT 

730 

S32!900 

37,0185 

.001369863 

780 

608,400 

37.9285 

.001262051 

731 

534,361 

r0370 

,001367909 

761 

609,961 

27.9464 

.001280410 

533,624 

ri.OS55 

.001366120 

782 

611,524 

27.9643 

.001270772 

733 

537,269 

27.0740 

,001364256 

783 

613,089 

37.9621 

.001377139 

734 

±7  0494 

.  IFUi  MQ*tf  TV 

D  i^Dao 

4A  /WWWh 

73S 

540,225 

37.1109 

.001360544 

785 

616,225 

20.0179 

.001273865 

736 

S4L696 

37,m3 

.001350696 

786 

617,796 

56.0357 

.001372265 

737 

543,169 

37.1477 

.001356653 

767 

619,369 

20.0535 

.001370648 

73B 

544,644 

27.1662 

.001355014 

786 

620*944 

58.0713 

.001269036 

739 

flAl          1  ttt 

.InJiaail  IIHI 

D^Ata^i 

4ft  nilQl 

740 

547,600 

37.2029 

.001351351 

790 

624,100 

58.1069 

.001265023 

741 

549,061 

37.2313 

.001349526 

791 

625,681 

50.1547 

.001264223 

742 

550^64 

37,2397 

.001347709 

792 

627,264 

56.1425 

.001262626 

743 

552,049 

37.2560 

.001345695 

793 

628.049 

5ai603 

.001261034 

744 

553^36 

37,3764 

.001344066 

794 

630.436 

50.1760 

.001259446 

745 

555,025 

37.2947 

,001342262 

795 

632.025 

20.1957 

.001257862 

746 

556^516 

37,3130 

.001340483 

796 

633.616 

58.2 13:S 

.001256281 

747 

556*009 

37.3313 

.001338686 

797 

635,209 

28.2312 

.001254705 

746 

559.504 

37,3496 

.001336696 

796 

636*804 

28.2489 

.001253135 

749 

561,001 

37,3679 

.001335113 

799 

638,401 

26.2666 

.001251564 

750 

5631,500 

37,3861 

.001333333 

600 

640,000 

58.5813 

.001250000 
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Figure  17.  Table  of  Squares  and  Square  Roots  (Contd) 
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Figure  17,  Tabl«  of  Squftr««  and  Square  Roots  (Contd) 
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(8)  Whtiii  transltrrlne  a  t«rm  ^th  an 
«3cpoMnt  irom  th«aum«r«tortotb6d«iiomliui- 
tor,  or  vlc«  Vflraa,  change  the  Blgn  of  the 
exponent  (or  multiply  the  exponent  by  •!), 


4.  CALCULATION  OF  SQUABE  BOOT  *  ta 
calculating,  or  extractlag,  the  squaro  root 
of  a  number  ^tbout  a  slide  rule  ora  nquare* 
root  table,  separate  operatlonn  are  performed 
m  a  certain  order.  The  method  of  finding 
the  square  root  can  best  be  explained  by 
loUowlng  each  step  of  an  actual  sample. 

a.  STEP  ONE  *  Suppose  the  square  root 
of  the  Thole  number  31,508,760  Is  to  be 
extracted.  Beginning  at  the  decimal  point, 
moving  to  the  left  and  Ignoring  the  commas, 
dlTlded  the  number  Into  periods  of  two  digits 
each: 

31     $0     87  60 

Now  find  the  largest  single  nuinber  of  wtkleb 
the  square  Is  less  than  31  (the  first  period). 
This  Is  5,  since  the  square  of  6  Is  greater 
than  31.  Write  the  number  8  to  the  right 
ol  the  number  (as  in  long  division)  and  also 
on  the  left: 


5    V^si     50     57     80    I  5 

The  square  ol  this  Qrst  digit,  5^  ^  25,  Is 
written  under  the  first  period,  31,  and 
subtracted  Irom  it»  leaving  a  remainder  of 
6.  The  second  period  of  the  number  Is 
annexed  to  the  remainder,  giving  650  as  the 
first  dividend. 

5  50     57     80    1  5 


50 


b.  STEP  TWO  TbeUrstdlgltoftheroot 
(5)  Is  nowmulUplled  by  20,  giving  a  product 
of  100,  which  Is  caUed  the  first  trial  divisor. 
Divide,  the  first  dividend,  880,  by  100  and 
the  quotient  of  8  Is  obtained.  This  is  prot>* 
ably  the  second  digit  of  the  root.  Write  8 
in  the  root  and  also  add  to  the  first  trial 
divisor,  100,  giving  a  sum  of  106,  which  Is 
called  the  first  complete  divisor.  ^ 


8  "Nnr 

28 


80     87  69 


80 


80 


c.  STEP  TBBEE  *  Multiply  theflrst com- 
plete dlvlslor,  106,  by  8,  the  second  digit 
of  the  root,  obtaining  the  product  of  638. 
Subtract  this  irom  the  first  dividend,  880, 
leaving  a  remainder  of  14.  Annexing  the 
third  period,  67,  to  this  remainder  leaves 
1457  as  tbe  second  dividend: 


8  ^Tir 

28 


106) 


50     57  60 


50 

-21 

14  87 


56 


The  two  digits  of  the  root,  86,  are  now 
multiplied  by  20,  giving  1X20,  wUcb  Is 
the  second  trial  divisor.  Divide  1120  Into 
the  second  dividend^  1457,  whlcb  results 
In  1,  Thlcb  Is  the  third  digit  of  the  root. 
Add  1  to  tbe  second  trial  divisor,  1120, 
giving  1121,  as  the  second  complete  divi- 
sor. Multlp^  this  divisor  by  the  third  digit 
of  the  root,  1,  and  subtract  the  product, 
1121,  from  1457,  leaving  a  remainder  of 
336.  Annex  the.  fourth  period,  60,  to  this 
remainder,  336,  giving  33,680  as  the  third 
dividend. 


50     57  80 


581 


6  SO 


14  57 


106) 


1121) 


3     38  60 

d.  STEP  FOUR  -  The  three  digits  of  the 
root,  561,  are  now  multiplied  by  20  giving 
a  product  of  11,220,  which  Is  the  third 
trial  divisor.  Dividing  33,680  by  the  third 
trial  divisor  results  in  a  querent  of  3, 
whlcb  Is  .  the  fourth  digit  of  the  root.  Adding 
3  to  ll,22^^mlts  in  11,223,  the  third 
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eompUU  dlvlMr.Mulilplyll,a23by3,oMaifr* 
lug  33,ees,  wbleb  1b  lUbtrActed  from tbe third 
dlvidand,  33,660,  kavlnt  m  ranalnder.  This 
liAves  the  flquATt  rboV  of  31|BO5,70ft  to  be 
5,613. 


5     Vii     50     57  69 
31 


5613 


6 
6 


50 


14  57 

3  36  6S 
3     36  6fl 


106) 
1121) 
11223) 

LOGABTTHMS 


1-  DEFINrnON  *  Thologarlthmofaquantlty 
is  the  expomnt  of  the  pover  to  which  a  given 
number,  called  the  boee,  must  be  raised  in 
order  to  equal  the  quantity.  This  exponential 
character  of  a  logarithm  is  clsarly  shovn  in 
the  fbllowlng  two  examples: 


a. 


10 
4 


b.  a" 

X 


10,000 

1^  of  10,000  to  the  base  10 


log  of  b  to  the  base  a 


2.  PROPERTIES  *  Since  a  logarithm  is  an 
e3q;>onent,  the  properties  of  logarithms  reflect 
the  properties  of  exponents,  as  shorn  by  the 
following  theorems: 

a.  The  logarithm  of  the  product  of  two 
numbers  is  equal  to  the  sum  of  the  logarithms 
of  the  two  numbers: 

log(a  xb)«loga  +  logb 

b.  The  logarithm  of  the  quotient  of  two 
nxunbers  is  equal  to  the  logarithm  of  the 
numerator  minus  the  logarithm  of  the 
denominator: 


c.  The  logarithm  of  the  power  of  a  number - 
is  equal  to  the  logarithm  of  the  nuniber 
multiplied  by  the  exponent  of  the  number  * 

log  a'  «  X  log  A 

3.  COMMON  OR  BRIOOS' SYSTEM  OF LOCh 
ABITBMS  -  Many  systems  of  logarithms  are 
poeslblSi  dlnce  any  number  may  be  used  as 
a  base.  However,  the  most  common  system 
in  use  is  the  Brlgga'  System,  which  employs 
10  as  the  base.  In  this  system,  the  logarithms 
of  the  integral  powers  of  10  are  poaltlTS 
or  negatlTe  whole  numbers,  as  may  be  seen 
from  the  following  lists: 


POWERS  OFTEN 

LOOABITHMIC 
NOTATa>N 

10^  -  1000 

log  1000  >  3 

10^  » 100 

loK  100  -  a 

10^  -  10 

log  10.  1 

10°- 1 

logl  -  0 

lO'^  o  0.1 

log  0.1  >  -1 

-2 

10    =  0.01 
-3 

10    >  0.001 

log  0J)1  ■  -2 
log  0.001  -  -3 

The  logarithm  of  a  number  which  is  not  an 
integral  power  of  10  consists  of  a  whols 
number  plus  a  decimal;  e^.,  consider  the 
logarithm  of  465: 

Since  10*  <  465  <  10^ 

Then  2  <  log  4e5<  3 

Or  log  465  a  2  +  (a  decimal) 

The  Integral  part  of  a  logarithm  is  called 
the  characterljstic,  and  the  decimal  part  is 
called  the  mantissa. 


4.  DETERMINING 
OF  A  NUMBER: 


THE  LOGARITHM 


log^ 


log  a  •  log  b 


a.  DETERMINING  THE  CHARACTERIS- 
TIC There  are  two  rules  for  determining 
the  characteristic  of  a  logarithm: 
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(I)  It  tba  glrtn  number  is  greater  than 
one,  ltd  characterlstle  is  one  leae  than  the 
nuiriber  ol  dlgltfl  to  the  left  ol  the  decimal 
point;  e*e., 


0.3  has  characteristic  0 


63  hafl  characteristic  I 


030  has  characteristic  2 


0300  has  characteristic  3 


(2)  It  the  glveil  numt>er  is  less  than  one« 
its  characteristic  is  negative^ andlsone more 
than  the  number  of  zeros  to  tho  right  ol 
the  decimal;  e^C^, 

0.81  has  characteristic  -I 
(written  as   -  10) 

0.0813  has  characteristic  *3 
(written  as  8  *-  10) 

0.0082  has  characteristic  --S 
(written  as  7  -  10) 

0.000803  has  characteristic  -4 
(written  as  0  *-  10) 


i 
1 


It,  t 


i 


tM*  (Ma 

Or«»«t  thm  tr  to 


r  »o 


of! 


Aw{f.?lfl>4f  ••turn 
tf«Um  of  IdfAtttkni 


{•  niaim  <Hf  lit 


I 

■ 

'1  «f 


iKTVBwt  al  f 

I4t 


Oin«r«Bilal  of  f 
DvrlvifUn  ot  f  ^  I  en) 

•«  d«rt.  «l  f 
P^fUl  tetnun  of  • 


Symbolic  mtor  notitltti 


Figure  18.  Mathematical  STmbols  and  AUbrerlations 
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NUMIAlC 

RKCfPnOCAL 

APPftOX 

MORS 

APPRQX 

MOUK 

ACCUnATILV 

ACCUTIATKLV 

3*141  903 

0*314  3 

0.310  309  9 

29 

0,313  m 

0,iaa  31 

0* 199  lOi 

3« 

ft*  434* 

0*434  TTO 

0.104  1 

0.104  M 

4« 

13.  W 

13.  MO  371 

0.0T>4 

O.OTO  971  4 

..  ^^19.T0T  M3  ^ 

»  0.043T^ 

^^0.003  001 

•/a 

1.9T0  m 

0.0300 

0.030  930 

LW3 

l.W  100 

0.0040 

0.B94  930 

•/* 

0.TB54 

0.T05  300 

l.tT3 

1.273  13 

0.933  900 

1.010 

•a  

_  ft.e«M  _ 

>^^..0.M0  0»^«- 

0.1013^ 

— — 

«^  0.101  331 

39.4TM 

30.4T0  414 

0.0133 

0.039  330  3 

3KQ0«3 

31.000  3T1 

0.0313 

0.033  03 

yr 

1.TT25 

1.TT3  404 

0.9041 

0.&04  1*0 

1.1333 

1.193  91 

O.TOTO 

0.7*7  107 



 t.4«44^__ 

—  _  ^  1.404  903  ^ 

^0.0010^ 



^^0.001  704 

dL4»Tl 

O.40T  100 

3.  Oil 

3.011  « 

0.1*61 

0.1*6  ISO 

9.099 

9.090  03 

0.4*41 

0.004  300 

1.000 

1.009  73 

0. 24W 

0.340  9T9 

4.013 

4.011  «a 

^^^^^ 

 ,  „j  

_  — ^  3.T10  303^^^ 

.^^0.3071  _ 



0.307  171 

T.  3*» 

T.3BA  «T 

0.1353 

0.139  139 

1.049 

1.0aT3I 

0.0009 

O.SOO  531 

0.4343 

0.434  304 

3.90K 

3.302  9«a 

K414 

1.4143 

0.T071 

0.707  113  9 



  j^,3a   

^^^l.T33l 

.0.9TT3^ 

^^0.977  134  3 

/r 

3.330 

2.2301 

0.UT3 

0.447  300 

1.^00 

1.3S» 

0.T930 

0.7*3  073 

1.443 

1.4413 

0.0933 

0.093  305 

1.  SOT 

1.9174 

0.0300 

0.030  HO 



-.^^0.9fl4«. 

.  —  0.904  79 

Figure  19.  Numerical  Values  for  Various  Constants 
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Figure  20.  Common  Logarlthmi  of  Number!  (Contd) 
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b.  DETERMINXNOTUBMANTISSA-Dtter- 
mlnlng  th«  numtlfia  r«qulr#0  th#  ui«  of  & 
table  of  logaiithmi.  A  table  which  fflvM  the 
mantlua  of  «#Ttii  ilffnlileint  fifure*  tar  any 
thret-dlglt  number  Is  contained  In  Figure  ao, 
pagee  isg  ud  140.  The  tlrat  two  dtglti  of 
the  number  are  found  in  the  lett-tiaiid  eolunm 
under  and  the  third  digit  la  found  in  the 
horizontal  row  of  figuree  acro«  the  top 
of  the  table;  e^.,  to  find  the  mantleea  for 
19S,  look  under  M  for  IB,  and  proceed  horl-^ 
aontally  acroea  the  table  to  column  S»  wUcb 
contalbe  tfae  desired  mantleea.  Thus  the 
mantlBia  for  IBS  le  0.aB0034ep  and  the 
complete  logarithm  le  2.2B00346  (character- 
istic le  3  minus  1). 

c.  GENERAL  RULES  ^  NumberA  with  the 
flame  sequence  of  dlglle  always  hare  tbe  same 
mantissa,  but  the  characteristics  nuy  be 
dltterent  depending  on  tfae  position  of  the 
decimal  point.  A  mantissa  Is  always  a  posl* 
tlTe  quantity.  A  negative  characteristic  Is 
written  In  terms  of  the  proper  positive 
number  minus  10;  e^.; 

log  36.3  «  1.5967068 

log  0.0362  =  8.S987066  -  10 

log  0.00362    7.SS67066  -  10 

5.  USE  OF  TABLE  -  The  table  may  be  used 
for  two  purposss: 

a.  TOFINDTHELOaARITHMOFAOIVEM 
NUMBER  *  Illustrated  above. 

b.  TO  FIND  TBS  NUMBER^  QIVEM  TBE 
LOGARITHM  -  The  number  Is  called  tbe 
anUlogartthm;  e^.,  tbe  antllogaxtthm  of 
8.7109931  *  10  Is  found  as  follows:  Locate 
the  mantissa  0.7100631  In  Figure  20.^  Find 
the  number  which  corresponds  to  It,  and 
place  tbe  decimal  point  In  accordance  with 
the  second  rule  tor  determining  character- 
istics. Thus  the  desired  antllogarlthm  Is: 

antllog  8.710S631  *  10  «  0.0914 
(characteristic  Is  *2) 

6.  INTERPOLATION  -  To  find  the  mantissa 
of  a  number  having  tour  or  more  digits 


requires  the  use  of  a  process  called  Inter- 
polation. This  process  nukes  It  pbsslUeto 
estimate  the  desired  vahie  from  the  two 
closest  values  that  are  given  In  the  table. 
Interpolation  Is  based  on  the  asumptton  that 
for  a  small  change  in  the  number,  there  will 
.  be  a  corresponding  small  twt  prc^rtlonal 
change  in  the  mantissa.  The  principles  of 
Interpolation  are  explained  In  the  toUowlng 
examplesi 


EXAMPLE  1  -  Find  the  logarithm  of 

34.66: 

Solution:  Firsts  write  the  characteristic  1. 
Since  34.68  lies  l)etween  34.60  and  34.70, 
the  desired  mantissa  must  lie  between  the 
mantissas  tor  these  2  numt>ers.  Tbe  mantissa 
is  estimated  as  toUows: 

Mantissa  tor  3460  >  O.S30O761 
llantlssa  tor  3470  m  0,6403206 

mtterence  «  0.0012534 

Difference  between  3460  and  3470  >  10 

Z>i£ference  between  3460  and  3468  »  6 

Hence,  8/10  of  0.0012934,  or  0.00100272, 
must  be  added  to  0.6390761.  Tberetore, 
the  logarithm  of  34.68  Is  1.S400768.  NOTE: 
All  mantissas  are  kept  to  seven  decimal 
places.  It  tbe  eighth  digit  of  the  amount 
added  Is  less  than  O.S,  the  elgbtb  dlgtt  Is 
simply  droipped.  If  It  Is  0.S  or  greater,  tL* 
seventh  digit  le  increased  by  1. 

b.  EXAMPLE  2  -  Find  tfae  aotUogarlthm 
of  8.0868346-  10. 

Solution:  Since  this  mantissa  Is  not  given 
in  the  table  p  the  two  closest  values  and 
their  corresponding  nunibers  are  written 
with  the  given  manUssa,  as  follows: 


Tbe  amount  to  tM  added  to  082  le  called  Z* 


138 


275 


'  *^   *^        1  0*0004375 


^•4378* 


;  1  «  738 


HoncQf  tb«  dlglU  of  tho  antUogttrltbm  ar« 
QQ2738*  Thenfon,  antlloK  8.0068345  -  10  « 
0.992738. 

7.  COLOGARITUMS  -  The  cologarlUuu  of  a 
number  ia  the  logarithm  of  the  reciprocal 
of  the  number* 

colog  N«loK^>lcgl*10KN 

As  an  oiomplet  the  coloKarltbm  of  18*0 
may  be  fbund  aa  foUom: 

log  1  s  10*0000000  *io 
subtract         log  18.6  »  1-2605120 

colog  18,6  -  8*7304871  *I0 

C^logarlthms  may  be  ijaed  for  computatton 
In  cases  such  as  the  following: 


204 


log6*3>  log  204    colog  6*3 


8.  NATURAIi  SYSTEM  OF  LOGARITHUS  - 
All  that  has  been  said  of  the  conunon  system 
of  logarithms  holds  true  for  any  system  of 
logarithms*  Jn  the  natural  system  of  log- 
arithms, the  number  2*71828  is  used  as  a 
base*  This  is  commonly  referred  to  as 
epsllon  ( C  )*  It  is  only  necessary  to  remem- 
ber that  the  natural  logarithm  of  a  number 
is  2*3026  times  the  common  logarithm  of 
that  same  number*  Tables  of  natural  loga* 
rlthms  hare  been  Included*  The  common 
logarithm  of  a  number  is  0<4343  times  the 
natural  logarithm  of  that  same  nuihber* 
Natural  k^carithms  can  be  used  for  precise 
computation  of  eipoaentlal  eurres,  and  are 
often  used  In  time-constant  circuit 
calculations* 

ALGEBBA 

1*  it;^AL  AND  QIACINART  QUANTITIES  - 
Real  and  imaginary  quantities  can  be  graphi- 
cally represented  by  four  posttlons  of  a  unit 
rector,  as  shown  in  Figure  21*  Positive 


•I 

4j 

*l 

•J 

Figure  21.  Positions  of  a  Uott  Vactor 


real  numbers  are  plotted  to  the  rigbt  of  the 
origin,  and  oegattve  real  numbers  to  the  left 
along  the  horizontal  uls,  which  is  known 
as  the  AXIS  OF  REALS.  Imaginarles  which 
hare  POSmVE  signs  are  plotted  above  the 
origin  and  NEGATIVE  Imaginary  quantities 
BEXiOW  the  origin  along  the  vertical  axis 
which  is  known  as  the  axis  of  Imaginarles. 

2.  COMPLEX  NXniBERS-Aeoiiq>Iezmimber 
Is  the  sum  of  difference  of  a  real  quantity 
and  an  imaginary  quantity;  e^.,  5  -fft  and 
3  +j2  are  conq>l«)c  numbers.  The  term  com- 
plex number  is  really  Imapproprlate  because 
the  system  is  act  complex  at  all.  Rectangular 
notation  is  a  better  deslgnatloa.  is  not 
difficult  to  apply  the  fundamental  process 
to  this  special  notatloo,  ior  two  or  more 
conq>lex  numbers  can  be  combined  by  combin- 
ing the  real  portions  and  imaginary  portions 
separately;  e^: 


a.  ADDITION: 

(1)  5*J3 
:  2-12 


(2)  6  -  j4 
-.5-13 


b.  SUBTRACTION: 

(1)  5+j3 
2-12 


1-J7 


3 


(2)  6-i4 


11- j 


137 
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Natural  LogArlthms 
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O1O39I 

0.0466 

O4O983 

O1DO77 

O4O7TO 

O1OO63 

t  1 

« Wad 

1 1044 

1 1111 

a  ft  aA 

4  1910 

1 1396 

1 1484 

1 1670 

1 1669 

1 1740 
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*  1B39 

.  IVOB 
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Up* A 

1  luTO 

1  3191 

ftft«  1 
1  3331 

*ft  t  a 

|]911 

1 1390 

4 1499 

i3949 

1  2914 

1 ITUU 

1 1T19 

1 1091 

1  3937 

1  300t 

1 3076 

A  f  Jft 

1  314B 

1 3111 

,  3l03 

J 

«  3399 

*  3439 

*  39uT 

1  3aTT 

*  3849 

4  3719 

1  3764 

1  3863 

*39l} 

*  3916 

in  A  A 

*4tll 

i41B1 

i4193 

Ami  A 

4  4319 

*4383 

i4447 

i49ll 

*4974 

*4931 

1 4T00 

1 4T91 

i4Bl4 

i4l69 

i4947 

1  5006 

i9098 

4  9136 

.  9186 

1  9341 

L  ■ 

4  0 JUV 

« 9399 

1  9413 

ft  t 

1  94B1 

4  9939 

1  9699 

i9993 

1 9710 

*  9796 

*9833 

1  9919 

1  9933 

i9999 

16043 

*6094 

1  6191 

i8306 

1 6199 

1  9313 

,8388 

*  94T1 

*  9913 

*6979 

i69l7 

*997e 

1 6719 

*97B0 

*8831 

.6681 

1  BV31 

i996l 

*T03t 

1TO6O 

*7119 

»7176 

Mftftft 

1  7999 

*7117 

*7179 

*7314 

,  1311 

■■J 

tJid 

«  T49T 

*  T914 

*  7981 

i78ui 

i7T0l 

i7747 

*7793 

*7838 

*  TqOO 
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*  TVTO 

*  BOW 

anftft 
*  8099 

■  aAB 
»810V 

46I94 

*8196 

*8141 

,  *6t86 

*  ? 

*  931i 

il3Tl 

*B419 

i8499 

*8901 

*6944 

*8887 

186I8 

*8671 

*8113 

1 1799 

»IT99 

*6939 

*9979 

i99l0 

*696l 

*ffQ01 

*0041 

« 908.1 

*9113 

*  0163 

*9103 

i9143 

i93ftl 

.9333 

1  9391 

i9400 

*9439 

*9476 

*9911 

*  VaOa 

1 9994 

*  9631 

i96T0 

*OT08 

*9746 

*9783 

*9811 

*9856 

*0699 

*  V033 

.  9M9 

I*  0009 

1*0043 

I1OO8O 

1*0118 

Ii0l9l 

1*0188 

1*0119 

l«0t80 

1*  vIVD 

1^0331 

1*039T 

1*0W3 

1*0436 

1*0473 

1*0906 

1*0643 

1*0978 

1*0813 

1*  OfMT 

a  A||i4 

f  Atf  II 

1*0T19 

a  AAMA 

1«07m) 

a  AmAA 

1*0794 

1*0618 

a  A*ft* 

li089] 

1*0668 

1*0919 

1*0983 

1 1 0999 

1«  l0l9 

1*  1093 

a    a  Akft 

1* 1089 

1*  1 119 

1*  1191 

1* 1164 

1*  1117 

1* 1149 

1* 1S81 

1  i 

1*  1314 

1 1 1349 

1*  llTB 

1    Ui  A 

1 1 1410 

1* 1441 

1    1  Art  A 

1* 1474 

1*  1508 

1*  1937 

1*  1989 

1* 1800 

3. 1 

1* 1031 

1*  1993 

1* 1994 

1* 1719 

1* 1799 

1* 1767 

1*  1817 

lil648 

1*  1676 

I4 1909 

3i  3 

I. tV9V 

I*  mv 

1  4rtAA 

1*  WOO 

1.  3Q30 

1.3040 

1*3000 

1*1119 

1* 1149 

1*1179 

1*3308 

3.4 

1* 

1 1  ZIrQ 

1  4i4ft 

1*  AiAU 

1*  MV9 

I*  «w4 

1. 1413 

1*  1441 

1* 1470 

1* 1409 

3i  9 

1*  lalo 

1  4Allft 

1*  10  VD 

1     4ft1  1 

1 1 IQ13 

1*  dw4 1 

a  4ft||B 

1*  ibhv 

1*  IBIW 

1  4T4ft 

1*3718 

1  4P*ftJ 

1*  1794 

1*  1161 

^"  S 

I.  HOP 

1*  «V3T 

1*  *VBD 

1*  Win 

1*  mwmV 

1*3^47 

1*  IV  TO 

1*3001 

K  3010 

1*3096 

I 

1*  W09 

1*  311v 

1*  3l4« 

1*  3IH 

1*  3lPl 

1*  331Q 

1*  3144 

1  ft4<tl 

1*  3371 

1*  3387 

1*  3314 

3^8 

1*  33m 

1*  33T9 

I*  3103 

1*  34Iv 

t  Uftft 

I*  3499 

1*  34Ql 

f  «ftApt 

1*  3907 

1*  3933 

1*  3998 

1*  3884 

3«  V 

f  1ft  trt 
1*  3Qlv 

a  «*«ft 

1*  3939 

1*  3661 

1*  3^9 

1*  3111 

1*  3117 

1*  3781 

1*  3768 

1*3813 

1*3838 
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I*  3193 

I*  3BBi 

I*  jvI3 
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1*  oifl 

1*  3997 
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1*4030 
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1*4199 
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1*4074 
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1*  SQ93 

1*90B9 
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1*  9173 
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1*9304 

1*9339 
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1*  9399 
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1*9411 

1*9433 

1*  9494 
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1*  94TB 

1*  9497 

1*  9919 
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1*  »9n 
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1*8034 
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1*  B174 
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1*  6133 
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1*8373 
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1*  9191 

1*  9311 

1*  9331 
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1*  6371 
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1*8409 

1*  6430 

1*6448 

1*  6407 
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1*  64VT 

1*  BwQ 
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1*  9919 

1*  8944 
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1  ftftB4 

1*  6991 

1*  6601 

1*8830 

1*6838 

1*9998 
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1*94TT 
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1*  9119 

1*  6734 

1*  BTSl 

1*  6771 

1*  8790 

1*8808 

1  *  8837 

1*8849 

9*4 

1  ft*M_A 
1*  QV94 

1  ft*ft4 

1*  WBl 

1*  9V01 

1    ftBl  B 

1*  9Vli 

1  ftflftB 

1*  9138 

1  ftBftft 

1*  9998 

1*  9074 

1*0883 

1*T011 

1*T030 

9.  9 

1*  T04T 

i.tow 

1* 1084 

1*  7l0l 

a    p*a  4A 
1*  713Q 

1*  7t38 

1*  7199 

1*  7174 

1*  7191 

1*  7ll0 

9*  9 

1*  Tn9 

I*  T34B 

I*  1J(M 

t  P*4>ft4 

I*  7381 

l*T3Vv 

t  p*«  tp* 
I*  7317 

1*7334 

t  P*«ft4 

I*  7391 

1*7370 

1*7387 

1*  TWa 

1*7411 

1*  T4w 

1*  7497 

I*  T4T0 

t  itja4 
.*  T4VI 

1*  7909 

1*  7911 

1*  7844 

1*  7991 

•  ft 

1*  TaTV 

1  tft<M 
1*  Ton 

1*  1913 

1  tftM 

1*  TBJV 

1*  TQ4T 

1.  TdK 

1*  7081 

1*  78VV 

1  ptPti  ft 
1*  7719 

1*7733 

9.V 

I*TT50 

1*7799 

1*1793 

1*7600 

1*7617 

1*7643 

1*7691 

1*7887 

1*7884 

1*7901 

1*T919 

l*7ft34 

1*1991 

1*7M7 

t*7M4 

1*8001 

1*9017 

1*8034 

1*6090 

1*8068 

1*9093 

1*B0W 

1*6119 

1*9131 

1*61U 

1*8169 

1*9181 

1*8187 

1*8113 

1*8110 

i.gH9 

1*9191 

1*9171 

1*6194 

1*6310 

1*8318 

1.8341 

1*8398 

1*8374 

1*6390 

1*9409 

1*9411 

1*9431 

1*9493 

1*84«9 

1*8489 

1*6500 

1*6919 

1*6931 

1*8947 

1*6993 

1*B9T9 

1*9994 

1*  9910 

1*6619 

1*8641 

1*6899 

1*9971 

1*8887 

1*6T01 

1*BT1B 

1*BT33 

1*6749 

1*6704 

1*9779 

1*8799 

1*  88IO 

1*8819 

1*6840 

1*8898 

1*6BT1 

t*sa99 

1*B90I 

1*8919 

1*9931 

1*9846 

1*8881 

1*6018 

1*6091 

1*9008 

1*9011 

1*9039 

1*9091 

1*6094 

1*9091 

1*9099 

1*9110 

1*9119 

1*9140 

1*9199 

9!9 

1.91B9 

1*9194 

1*0199 

1*9113 

1*9338 

1*9141 

1*9357 

1*8371 

1*9388 

1*9301 
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1*9319 
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1*  9344 

t.939« 

1*9373 

L63fl7 

LMl 

1*9418 

1*8430 

1*9449 
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1.0043 
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l.OTOO 
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L0T03 

l.OTOO 
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1*004T 
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T.4  l.OOlO 

1.0030 
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3.0343 
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3.0300 

3.0331 

3.0334 

3.034T 

3.0300 

3.0373 

3.0300 

3*0300 

T.T  1.0410 

3.0410 

3.0410 

3.0401 

3.M04 

3.04TT 

3.0400 
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3.0010 

3.0030 

T.O  1.0041 
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3.000T 
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3.0003 

3.0000 

3.0010 
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3i0043 

3.0060 
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3.0004 

3.010T 
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3.6T33 

3.0T44 
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3.0T03 
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3.0033 

3.0044 
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3. 1114 
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3.1160 
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3.  HOT 
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3. 1311 

3.1333 

3.1330 

3.134T 

3.1330 

*3. 1270 
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1.1304 

3.1300 

3.1310 

3.1330 

3. 1343 

3.1303 

3.1300 

3.1377 

3.1300 

0.0  1.1401 

1.1411 

3.1434 

3.1430 

3.14a 

3*1400 

3.14T1 

3*1403 

3.1404 

3.16O0 

0.0  1.1010 

1.1030 
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3.1003 

3.1004 

3.  lOTO 

3.100T 

3.1000 

3.1010 

3.1033 

O.T 

1.1040 
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3. lOTO 
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3.1103 

3.1T13 

3. 1T30 

3. 1730 

0.0  1.1T« 

L ITOO 

3* ITTO 

3. 1T03 
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3.1004 

3.1010 

3.U2T 

3.1030 

3.1040 
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l.lOTl 

3. 1003 

3.1004 

3.1000 

3.101T 

3*1030 

3. 1030 

3.1050 

3.1001 

0.0  1.1071 

3.1003 

3.1004 
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3.301T 

3.3030 

3.3O30 

3.3060 

3.3001 

3.10T3 

0.1  3.3003 

3.3004 

3.3100 

3.3110 

3*312T 

3.3130 

3.3140 

3.31B0 

3. 3170 

3.3101 

0.1  1.1101 

3.3303 

3.3314 

3.33tt 

3.3330 

3*3340 

3. 330T 

3.33D0 

3.33T0 

3.3300 

0.1  1.3300 

3.3311 

3. 3331 

3.3333 

3. 3343 

3.3304 

3.3304 

3.33T0 

3.3300 

3.3300 

0.4  1.140T 

3.3410 

3.3430 

3.3430 

3.3460 

3.3460 

3.34T1 

3.3401 

3.3403 

3.3503 

0.0  1.1013 

3.3033 

3.3034 

3.3000 

3.3500 

3.30TO 

3.3OO0 

3.3007 

3.3007 

0.0  1.1616 

3.3030 

3.3030 

3.3000 

3.3070 

3. 3000 

3.3000 

3.3101 

3.3711 

O.T  i.mi 

3.2T33 

3.2T43 

3.2T03 

3.2T03 

3.3773 

3. 3T03 

3.2T03 

3.1003 

3.3014 

0.0  i.aoi4 

3.3034 

3*3044 

3.3004 

3.3000 

3.30T0 

3.3000 

3*3000 

3.3000 

3.3010 

0.0  l.tlU 

3. 3030 

3.3040 

3.3000 

3.3000 

3.3070 

3.3000 

3.3000 

3.3000 

3.3010 
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ExpoDentiAl  Functions 


X 

rtJNCT»K 

0.00 

0.01 

0.01 

0.03 

0.04 

0*04 

0.04 

o.or 

0*04 

0*0* 

O.0 

1.0000 
1.  OQdO 

i*oioi 

0.  OOOO 

1.0103 

V* 

1.0104 

o.*ro4 

1*0404 
0.1404 

1*0S13 
0.0411 

1*0414 
0.4411 

i.orift 

0. 0334 

1*0493 

A  A94t 
V*  Vaji 

l*0*U 
0*4134 

0*1 

5-- 

1*1051 
0.  t045 

1. 1101 
0. I054 

1*1314 

V*  VBW 

1.1340 
O.ItH 

i.iaol 

0*  4404 

1*1414 

0*  HlVr 

1*1734 

V*  VvSt 

1*1443 

0*  BWI 

1*1*71 

V*  v3QJ 

1*1003 
0* 4170 

0.S 

k 

i*iai4 

0.  HIT 

i*mr 

0*0104 

1*1441 
O.IOlO 

i*34y 

n 

v.  TTH 

i.aiii 

0*7 1*4 

1.1140 

V. TT  BV 

1*3*40 

till 

I.MOO 

1.3131 
0.7444 

1*3344 
0.7443 

0.5 

1*14M 
0.  f40* 

l*)4M 
0*Tll4 

1*3TT1 

V.  f  ivt 

1.3*10 

V.ltBV 

1*404* 
0.  Tll4 

1.4101 
0.704? 

1.4113 
0*4*Tt 

1*4477 

A  MM 

1*4433 
OlODI 

1*4770 
0.4771 

0.4 

1.4011 
0*0 t03 

1*4040 
0. 401T 

1.4110 
0*44T0 

1.43T3 
0. 4444 

l*443T 
0.0440 

1.4443 
0*4174 

1*4141 
0.4313 

i.sooo 

0.4390 

1.41*1 
0.4144 

1.4333 
0*4134 

0.5 

1*44«T 
0.4040 

1.4441 

0.4404 

1«4410 
0.0*4* 

l.«*ft* 
0.4444 

1*7140 
0*BB1T 

1*TU3 
0.4740 

i*74or 

0.3713 

1.7443 
0*  3*44 

1.74*0 

0. 54** 

1*4*4* 
0* 4443 

0.0 

1*1111 
0.54M 

1.4404 
0.44^4 

1.444* 

o.osr* 

l*ltT4 
0*4414 

l*flM4 
0. 0173 

1**154 
0.411* 

1.4344 
0.4140 

1*0443 
*.  4117 

l.V7» 
0.4044 

1*4*3* 
0. 3017 

0.T 

0* 4000 

O.OMO 
0.4*14 

1.0444 
0.4444 

l.Vf4l 
0.4*1* 

1*0*4* 
4.4771 

3.117* 
0*4714 

3*1333 
0.44T7 

3.15*4 
0. 44*0 

3.  Itl5 
0.44J4 

1.1034 
0.4434 

o.a 

«-« 

3.  m^ 

0. 440S 

3.14Tt 
0.444* 

l*lf04 
0.4404 

3.»3* 
0.4M0 

1*3144 
0.431T 

3.33*4 
0.41T4 

3,3431 
0.4131 

1.3444 
0.41*0 

1.410* 
0.4L44 

1.4341 
0.  Aitrt 

o.t 

3.4»« 
0.4040 

3.444J 
0.4013 

3.40B3 
0.3*44 

3.4M4 
0*3*44 

1.0400 
0.1*04 

1.4447 
0.344t 

3.4117 
0.3410 

1.4374 
0.37*1 

1,4444 

0+1743 

l.«*13 

*.in4 

1.0 

O.SflTO 

3.  T4U 
0.3443 

3.  nil 

0.3*04 

1.4011 
0. 34t0 

3.4101 
0.3515 

3.4GT7 

A 

3.4*44 
0. 3444 

l.tlU 
0. 3430 

3.0447 
0. 330* 

3.0743 
0.3341 

1.1 

3.0041 
0.  uso 

3.0344 

V. 3X99 

5.0*4* 

3.0*57 
0. 3130 

3.1344 
0. 31*4 

3*1343 
0. 31*4 

3.11** 
0. 3134 

3.1310 

A  41  AA 
V.  31 V4 

3.1544 

A 

i.ini 

0.3*43 

1  a 

5.1M1 
O.Mll 

3.1433 
0.1*43 

3.MT1 
0.  **a* 

3,4111 
0.1*13 

3.4344 
0. 14*4 

3.4*03 

V.  SBW> 

3.4334 
0.1 13f 

3.540* 
V.  3nw 

3. 5*4* 

0.3740 

3.433* 

V. aT^J 

l.S 

3.4491 
0. If 1ft 

3.  T0«3 
0.14*4 

3.T4M 
0.  l*tl 

3.T110 
0.1444 

3.*1«4 
4.1414 

3.  H74 
0. 14*3 

3.4*43 

0.1347 

3.4344 
0. 3441 

3.*740 
4.1314 

4.014* 
0*^4*1 

4.0451 
0.1444 

4.0*40 
0. 1441 

4.iin 

0. 141 T 

o.iTr 

0**3*3 

4* 330T 
0. 3340 

4.1*31 
0.1344 

4.30*0 
0.1313 

4.34*1 
0. 11*4 

4.302* 
0. 1374 

4.43T1 
0. 3344 

1.5 

4.441T 
0.1131 

4.4147 
0.12O* 

4.5731 
0.31*t 

4.4143 
0.1144 

4.4444 
0.3144 

4.711S 
O.llU 

4.7544 
0.1101 

4.B044 
0.1*50 

4^*440 
0.1040 

4.>03:T 
0.103* 

4.0510 
0.1010 

5.  0038 
O.IOOO 

4.0511 
0.  lOTO 

5.103* 
O.109* 

4.1343 
0.104O 

5.10TO 

o.mo 

5. 13*3 
0.1*01 

5. 5111 
0.14B1 

5.3454 
0.1B44 

5.41*4 
0,1445 

5. 4T14 

o.im 

5.41*0 
0.140* 

4.5*43 
0.1  TOl 

5.4407 
0.1Tt3 

5.44T3 
0.1755 

5^7544 
0.1730 

5.4114 
0.1 T30 

5.3701 
0.1T03 

5.0»* 
0.14M 

5.0404 
0.1470 

0.O4M 

0.1453 

4.1104 
0. I4lt 

4.1T10 
0.1430 

4.133* 
0.14O4 

4.3*45 
0.1444 

4.3404 
0.L5T1 

4.41» 
0.155T 

4.4443 
0.L541 

4.3314 
0.1534 

4.4104 
0.1511 

4.4S» 
0.14V4 

4.T531 
0.1441 

4.4110 
0.1444 

4.4434 

0.1441 

4.ft5B4 
0.1437 

7.014T 
0.1413 

T.0**3 
0.1400 

7.i7<r; 

0.1395 

7.1417 
0. 13S1 

7.3155 
0. 134r 
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Expoiwntiol  Funotlont  (CorttUiue^i^ 


X 

0,M 

0.01 

0.01 

0.0) 

0.04 

0.00 

0>Ol 

0>07 

0.00 

0>00 

1.0 

€  ' 

T,ll«l 

Ti4ill 

TiOlll 

T,I141 

7i000l 

7.7170 

7,0440 

7,0|4« 

0.0043 

1.0040 

Oh iSil 

•■  1144 

0, lllf 

A  MM 

Oi  1100 

A  Mft4 

0. 1140 

t.lMI 

0,|4tt 

0,OS11 

1,4140 

0>40t4 

0.0040 

0.4111 

1.1001 

l,040S 

0.0101 

1,1 

0,  nil 

0,  till 

Oi  llOO 

0,1111 

0, 1177 

0, 1100 

Oi  llU 

Oi 1 l4l 

0> 11 30 

0,ll]l 

0,0110 

O.llOT 

0,10T1 

1,1110 

0.1011 

0.4177 

0.0011 

0,0704 

0,7707 

1.1140 

1,1 

A  1 1da 

Oi lOOf 

0> 1040 

0,  lOTO 

Oi  1004 

Oh  1044 

A  lAH 

0.  lOll 

0. lOll 

t,0f4l 

10,074 

10,1TI 

10,070 

10,111 

10,401 

10.001 

10,007 

10.001 

10,011 

1,1 

€*" 

A  tAai 

V,  tW4 

0, 0001 

U,  WN 

n  ah4 

0,0003 

A  AAU 

A  AA^Il 

o>oon 

0,00l0 

1.4 

11.011 

11,114 

11,140 

U.3S0 

11,471 

11,000 

11. 70S 

11,111 

11.041 

11,001 

O,0tOf 

0,0900 

0.0000 

0, 0480 

0,0071 

0,0001 

0, 0004 

0>0044 

0. 0s37 

]l,ltl 

11,309 

13,410 

11,  U4 

11.400 

11.007 

11.030 

13.000 

11, 107 

11.130 

1,0 

O.Olll 

0,0ll3 

A  AUM 

0,0710 

0, OTOl 

0.0771 

0, 0T0& 

o,o7ss 

0.07  so 

1,1 

11,  U4 

11,»0 

11,TM 

11,074 

14,011 

14,104 

14,101 

14.440 

14,S00 

14,713 

1,0Til 

0>0711 

0,0714 

0.0707 

A  AA4A 

0, 0000 

O.O470 

1.1 

l4,ftU 

10*0(10 

10,  too 

11.111 

10,407 

1S,W 

Is. 000 

11. ISO 

10>110 

10,101 

0,00T1 

0,0040 

0,00 BO 

0,0011 

0,0040 

0.0030 

a. MIA 

0,0017 

0,0410 

Q,00l4 

l,t 

10,440 

14,010 

10,  m 

11,040 

17,110 

lt,lBI 

17.401 

17.I1T 

17,014 

17,001 

0*0000 

Op  OOQl 

0,0000 

n  bua 

0, 0004 

0(  0  S7  0 

0.  Ofi7l 

0. 0S07 

0,OS«1 

o,osso 

t,t 

1I,1T4 

11. 1ST 

11, 041 

11, 711 

11,114 

10,100 

lO.lOfl 

10,401 

10,100 

ia>m 

0, 0000 

0, 0040 

0,0030 

0,0104 

0 , QOll 

Oh  DOIO 

0>  OSll 

0,0501 

JO, 001 

30, lor 

10,401 

30,007 

10,001 

11, lis 

11, lis 

11,S41 

11,7S0 

11,077 

1.0 

A  AHA 

0.0401 

0,Q400 

A  AAI4 

0,04t 1 

0, 047  4 

A  AAAA 

0, 041 4 

A  AJAD 

0,04SS 

nail 

11.411 

11,040 

n,074 

33,104 

33,  IM 

13,171 

13,107 

14,047 

14,110 

1,1 

0*0400 

1,0440 

0.0443 

0, 043T 

0 ,0433 

0. 0430 

0 ,0414 

0,04lO 

0. 0411 

0 ,0411 

1,1 

14,131 

io*ni 

10,031 

01,110 

10.034 

10,700 

31.000 

10,111 

34,S70 

30.041 

ft  AjAA 

0,04dO 

0,030€ 

0,0311 

0,OUl 

o,oiu 

O,037l 

A  A4f4 

31.111 

31.301 

ff,000 

17,030 

10,110 

11,003 

11,700 

30, 070 

20,171 

30,004 

1,1 

0*0^40 

A  ItUl 
V, 

A  Ataa 
v,  VJal 

V*  BAH 

A  nm 

0, 0344 

A  AUA 

A  A^n 

a,H4 

10,140 

10.  HO 

10,077 

11,107 

31,000 

11.017 

33,444 

S1,7H 

1,4 

A  AHt 

0, 0^4 

0,0311 

A  A  4114 

0>0ll4 

0,0111 

A  AVUI 

0,030S 

ll.llS 

33,440 

33,T04 

14.114 

34.44T 

^,013 

30,103 

IS. S17 

33,074 

30,334 

1,1 

o.oioi 

0, 0300 

0,O30O 

0 ,0331 

0,0300 

0, 0307 

0, 0104 

0,0381 

O,O3?0 

0,0374 

1,1 

M,000 

30.000 

3T,33I 

37,711 

00,003 

11.471 

10,041 

30,333 

30,144. 

40,04S 

0,o3tl 

0,03tl 

0,0100 

0,0100 

O,0lSl 

O.OIIO 

0,0337 

O>033S 

0,0111 

0,0330 

«a.44T 

40,004 

41.104 

41,070 

41,001 

41.S11 

41,040 

41,300 

43.010 

44,300 

0.0l4t 

0,0040 

0,0341 

0,0340 

O,0tl0 

0,0315 

0,0311 

0,0331 

0,0330 

0.0323 

44.T01 

40,190 

4S,«04 

40,003 

40,010 

40, m 

47.441 

47,043 

40,414 

40,011 

O.0U4 

0,0211 

4,0110 

0,O31T 

0,OllO 

0,0311 

0,0111 

0,0300 

0,0307 

0,0304 

4i,40a 

4«.OiO 

M>400 

SO,  007 

SI, 410 

Sl.fU 

S1,4S7 

31,005 

si.sn 

34,005 

IwOIOl 

0,0300 

Oh.  01 10 

0,4]0« 

0.0111 

0,0101 

0,0101 

0,0100 

0>Oll7 

0,0105 
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Exponentlftl  Functiona  (Continued) 


X 

ri;NCTlON 

0,M 

0,0L. 

0.03 

0,09 

0,04 

0,04 

Oh  00 

0«07 

0,04 

0.00 

03,147 

S4.701 

44,  Mt 

44,430 

41 H 397 

47  H  974 

04.3A7 

40,149 

S9«740 

O^OKAl 

OhOISO 

0,0174 

0^4170 

0,011 4 

Oh  0111 

0,0111 

0,0140 

0,0147 

AO,  340 

ft0.i47 

•1,U0 

43, 174 

03,103 

93.434 

44,071 

44,714 

09,301 

44,039 

Oh  AIM 

O.OIM 

0,0141 

0^014 1 

o.oiso 

0,0144 

0,0144 

0,0t99 

0,0193 

0,0141 

••^033 

4l«7l7 

40, 400 

-  70,104 

70,414 

71h433 

73. 140 

TM44 

*' 

n.oiso 

0,0141 

0,0147 

O.014O 

0hO144 

0,OL43 

0,0141 

0,0140 

0,0199 

Oh  0137 

74,440 

74aM 

74,044 

74,704 

77,474 

74,347 

79,044 

70,039 

00,040 

0.0130 

0,0114 

0,0113 

0^0133 

0,0130 

0,0110 

0,0130 

O.0137 

0,0139 

0,0134 

iL4ai 

«3h 100 

•3,000 

93,031 

44,774 

44,43T 

04,419 

4f,347 

94,334 

i*,l31 

*  * 

o.om 

0.0133 

O.O130 

Oh  01 10 

0,0114 

0,0117 

0,0114 

0,0114 

0,0(13 

0,0113 

i0,0l7 

00,033 

01 « 030 

03^74* 

01.401 

04,031 

09, 443 

00.944 

07,914 

94,404 

*  * 

OhDIU 

0,0110 

0,0100 

0,0104 

0,0107 

0,0100 

0.4109 

0,0104 

0,0103 

0,0103 

4«4 

100,40 

101, 4f 

101.41 

103,44 

104,44 

104, 44 

104,10 

107, IT 

104,99 

O^OIOO 

0,00fif 

0,0000 

0,0007 

0,0094 

0,0094 

0,0494 

0,04*3 

0,0003 

io«,is 

111.03 

113,17 

113,30 

114,43 

114,44 

114,79 

117,93 

110,10 

110.30 

o.oo»i 

0.0090 

0.0010 

0,0044 

0.0047 

0,0047 

0,0004 

0,0004 

0,0094 

0,0043 

in. 01 

133.73 

133,07 

139,31 

130. 47 

137,74 

m,03 

130,33 

19M3 

133,09 

O.OOIl 

O,D001 

0,0041 

0.OO40 

o.ooro 

0,OOT0 

0,0070 

0.0077 

0,OOTi 

0,0079 

134,19 

13t,04 

t3T,00 

139,34 

139,77 

141,17 

143,90 

144,03 

149, 4T 

144,04 

0,00T4 

0,00T4 

0^0073 

0,00T3 

0,00T1 

o,oon 

0,0070 

0,0009 

0.0000 

0,0044 

*  * 

140.41 

14*, 00 

191,41 

193,03 

194,47 

m,oi 

197,90 

190,17 

140, It 

143,3* 

O.OOOT 

0,0007 

0,0044 

0,0049 

0,0044 

0,0004 

0,0003 

0,0043 

0,0043 

0.0043 

IM.03 

145.07 

10T,34 

140,03 

170,73 

173,43 

1T4, 1ft 

179.91 

177,44 

170,47 

0,0««t 

0,00  AO 

0,0040 

0,0040 

4,0090 

0,0094 

0,0097 

0^0097 

0.0044 

0,0044 

101.  XT 

103,00 

104,03 

109, TO 

141,47 

100,97 

103,44 

104,4) 

100,31 

194,34 

S.I 

D.OOfiS 

0,0039 

0.0094 

0,0044 

0,0093 

0.0043 

0,0093 

0,0091 

0.0041 

0,0040 

300.34 

m,33 

304, U 

300,44 

309, 91 

310. 4 t 

313, T3 

314.44 

3tT,0l 

3 JO, 30 

0.004d 

0,0040 

0,0049 

0.O044 

0,0047 

0,0047 

0.0047 

0^0044 

0,4044 

231.41 

233,43 

339,44 

339,19 

330.44 

332,74 

334.10 

13T,40 

230,04 

343,30 

*  * 

0.0049 

O.0049 

0,0044 

0,0044 

0,0043 

0,0043 

0,0043 

0,0043 

0,0043 

0,0041 

«  > 

344. 4» 

347,13 

340,04 

393,14 

394,44 

397,34 

390.  S3 

343,49 

349, DT 

147, T4 

0.0041 

O.0040 

0,0040 

0.O040 

0,0039 

0.003* 

0,4030 

0,0030 

0,4034 

0, 003^7 

r0^43 

373,14 

379. 10 

370,44 

Z01,40 

344,3* 

307, IS 

300.03 

203,99 

299,09 

0.003T 

0.0037 

0,0034 

O.OOM 

0.0034 

0,0039 

0.0034 

Oh  0034 

0.0034 

0.0034 

290, »T 

30t^$7 

304,00 

307, OT 

311,00 

314,10 

317,39 

330,94 

333, TO 

317,01 

0.0033 

0.0033 

0,0033 

0.0033 

0,0*33 

Oh  0033 

0.0033 
f 

0.0031 

0.0431 

0,0091 

330.30 

3»,«3 

M.07 

340,30 

M,70 

347,33 

3S«,T3 

394,39 

397,01 

301,41 

0,0030 

0,0030 

0,0030 

0,0939 

0,0030 

0,0030 

0.0039 

0.0030 

0,0039 

0,003* 

3U.04 

340,71 

373,41 

374,19 

3T9.93 

343 ,7 1 

307,41 

3*1,91 

309,44 

309,41 

O.OtlT 

0.003T 

O.OOIT 

0,0037 

0,0034 

0,0034 

0,0034 

O.0034 

0^0034 

0,0033 

e.  MULTIPUCATION  -  To  mtiUlply  com- 
pl«%  numlMri,  ug«  tha  •am«  proeedura  u 
with  btonomlaLs,  Mcapt  that  wbtra  r  occurs 
In  tha  final  raault,  you  raplaee  It  by  Ita 
aqiulvalant,  -1;  a.K.; 

Multltl^y  S  +  J3  by  2  •  J2 

S  +J3 
3^ 


10  +  J6 


10  -  J4  -  J  6 

.  10  -  J4  •  (-1)  (6)  •  10  -  i4  +  6  «  16  •  J4 

d.  DIVISION -Divide  006  rectangular  <Kuaii- 
tlty  (complex  muaber)  by  another  by  ration- 
alizing the  denominator,  then  dividing  tha  real 
number  Into  the  numerator.  Remember  that 
you  ratlonallxe  the  denominator  by  multlpljrlng 
both  numerator  and  denominator  by  the  con- 
Jugate  of  the  denominator;  e.g.: 

(1)  Divide  (5  +  J3)  by  (2  -  J3) 
2  -  J2  '  2  +  J2        .  _  ,2. 


X,  The  following  dUeus0ett  tbe  solution  of 
equAtlOM  of  thl0  fdrm:  tbore  are  aevenil 
metbode  you  can  uae  to  mlv4  ft  quadratic 
equation,  eueh  aa  g:^aphtng,  completing  the 
equare,  factoring*  and  ualng  a  formula  derived 
from  the  gMeral  fdrm  ax^  +  hoc  +  c  «  0  by 
the  completion  of  the  square  method.  The 
formula  la 


where  a,  and  c  are,  respectively  the 
coettlcient  of  x^,  the  coefficient  of  and 
the  term  which  does  not  contain  x.  Befbre 
applying  the  fdrmula,  alwava  put  the  equation 
In  the  standard  form  ax'  +  boc  +  c  ^  0  by 
tranapoaltlon.  The  foUowliig  examplea  Illus- 
trate the  proceases  for  solving  quadratic 
equations  try  the  formula: 

2 

a.  Solve  for  X  In  the  equation  3x  +  8x  - 
10  «0; 

By  the  formula. 


x« 


.8±  Va4*i20  -a±Vra4 

6  6 


•8  ±13.56   -21 .56      5.56  , 


(2)  Divide  (6  -  j4)  by  (-5  -  J3) 

  -30  *  laa  -  i' 

5  +J3 


.6^ 

•5-13 


25  -  J*9 


■30* '38^-12 
35+9 


34 


17 


3.  QUAKDRATIC  EQUATIONS  -  The  degree 
of  an  equaUtm  in  i^iich  the  unlmown  haa  only 
positive  integral  exponents  and  does  not 
appear  in  the  denominator  of  a  fraction  is 
the  same  as  its  term  of  highest  degree. 
The  degree  of  a  term  In  a  letter  means 
its  eqxnMnt  in  that  term.  To  illustrate, 
tiie  degree  of  the  term  In  x  is  tiie 

second.  The  equation  ax^  +  bK  +  c  »  0  is 
a  second  degree  or  ({uadrlatlc  equation  In 


b.  Solve  for  a  In  the  equation  2a  »  3a  -8; 

2  2 
Subtract  3a  from  both  sides: -3a  +2aa-8 


Add  8  to  both  eides: 
By  formula: 


-3a    +  2a  +  8  =  0 


a  = 


-2±VT7 


96 


"^_g^^  =  ^or^^  2or-1.33 


e.  SolTe  for  R  In  the  equation 

R  5 
R  +  5^*3  *7 

6R^  s  2R(R  +  5)  +  5(R  +  5) 

2  2 
6R*  >  m  +  lOR  +  5R  +  25 


143 


AB  '  ISR  -  28  n  0 


m8  or  *1*2$ 


15±  V225+400 

8  8        8  8 

The  quantity  «  4ac  which  appeara  under 
the  radical  In  the  formula  in  called  DISCRI* 
MINANT.  It  Indicates  the  type  of  roots.  U 
*  4ac  tfl  positive^  there  are  two  real  and 
unequal  roots;  If  -  4ac  Is  oegatlva,  the 
roots  are  imaginary  and  unequal;  If  b'  •*  4ac 
equals  xeto,  the  roots  are  real  sund  equal* 

4.  VECTOR  QUANTITIES  AND  VECTOR 
ALGEBRA  -  Some  quantities  have  magnitude 
only  while  others  have  both  magnitude  and 
direction*  Quantities  with  magnitude  only  are 
known  as  scalar  quantities;  those  with  both 
ma^tude  and  dlrectJoOt  as  vector  quantities. 
Forces,  motion^  and  acceleration  are  eacam- 
ples  of  vector  quantities*  Scalar  quantities 
may  be  added,  siibtracted^  or  muUib^lled 
directly*  But  since  a  seconddlmenslon  enters 
Into  vector  quantities,  a  numt>er  of  special 
methods  must  be  employed  In  dealing  with 
vector  quantities: 

a.  Representing  a  Vector  Quantity  -  A 
vector  quantity  may  be  represented  by  a  line 
segment.  The  length  of  the  line  likUcates 
the  magnitude  and  its  angular  position  and 
an  arrow  point  Indicates  the  direction  as 
shown  in  Figure  22*  Usually  this  vector  Is 
called  the  vector  OA,  Other  common  nota- 
tions, to  Indicate  vector  quantities,  are  M; 
MandM. 


b.  Representing  Two  Forces  -  Vector 
quantities  may  be  combined,  as  you  see  in  Figure  22*  Vector  Quantities 

the  Illustrations*  SiQrpose  the  two  vectors  OA 
and  PB  represent  two  forces  applied  to  the 
same  object*  OA  might  be  the  force  on  an 
airplane  due  to  the  action  of  its  engines  and 
PB  the  force  due  to  the  wind*  The  vector 
sum  of  OA  and  PB  is  obtained  by  placing 

PB,  without  changing  its  magnitude  or  dlrec-  is  the  vector  sum  and  represents  the  magni* 
tlon,  so  that  P  coincides  with  A*  Then  OB       tude  and  direction  of  the  resultant  forces* 
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e«  Addition  of  Vaetori  *  You  can  obtain 
tiw  flame  r«iult  by  an  altemt#  method*  It 
you  plaea  th«  two  veetora  at  th«  origin^  and 
form  a  paraUalogram  with  OA  and  OB  aji 
adlaeont  aldaa,  tba  diagonal  wiu  b«  th« 
resultant  force*  TUa  Ifl  referred  to  as  the 
parallelogram  law  of  foreea  and  may  be 
applied  to  the  addition  of  wy  eat  of  vector 
quantities  (Figure  23)4 

d»  Polar  or  Rectangular  Form  of 
a  Vector  *  You  can  describe  a  vector  In 
POLAR  form  or  In  RECTANGULAR  form* 
The  polar  form  shows  tbe  magnitude  of  tbe 
vector  and  the  angle  which  It  makes  ^th 
the  horizontal  axls»  For  enmple,  10/30* 
describes  a  vector  10  units  In  length  and  at 
an  angle  of  30*«  In  the  rectangular  form, 
the  vector  Is  resolved  Into  two  components 
which  are  the  projections  of  the  vector  on 
the  horizontal  and  vertical  axis  and  have 
as  their  origin  the  Initial  point  of  the  vector 
as  In  Figure  24»  In  this  work,  you  can 
designate  the  horizontal  component  as  the 
real  component  and  the  vertical  component 
as  the  haaOINARY  or  1  component*  From 
the  relations  In  the  defUdtlonB  of  sine  and 
cosine,  (sin  0  >  x/z  and  cos  9  >  r/z)  you 
can  see  that  r  «  z  cos  0  and  x  >  z  ain  0» 
Thus,  z/0  «  a  cos  9  +  Iz  sin  0»  Hence  the 
vector  lg30'*B.e6  +  i8> 

(1)  Addition  and  Subtraction  ^  You 
have  already  otwerved  how  complex  quantities 
(such  as  rectangular  tbrms  of  vectors  In 
Figure  25}canb6addedandsUbtracted,31nce 
the  addition  ot  vectors  by  graphical  means, 
as  described  befbre,ls not satislkctoryunless 
you  use  accurate  Instruments  to  construct 
the  vectors,  the  usual  method  of  combining 
two  vectors  Is  to  convert  them  to  rectangular 
form  and  to  add  them  algebraically: 

(a)  Add  35/40'  and  47/SS\ 
35/40'  >  35  cos  40*  +  J35  sin  40« 
«3M<?660)+1  35  (<6428) 
-26<B1  + 122.50 
47/55'  «  47  cos  55'  +  H7  sin  55' 


Figure  23«  Parallelogram  Method  of 
Adding  Vectors 


Figure  24*  Con^Wnents  of  a  Vector 


s 

It 

Figure  354  Graphical  Addition  of  Vectors 


-  47  (.5736)  +  147  {.0102) 
<•  26.96  f  J30.5O 


ADDING: 


I 


20.01  + 122.50 
38.06  4-130.80 

The  sum  i»      53.77  +161.00 

The  graphical  addition  of  the  vcctora  In  thla 
example  Is  shown  In  Flffure  25.  To  convert 
this  result  to  polar  form,  remember  that 

-.tanO 
r 

Therefore  tan  0  In  this  case  Is  1.134. 
and  e  a  arc  tan  1.1343* 40 .6*. Since  cos  0  «~f 

form  the  answer  is  81.5/40.6'. 
(b)  subtract; 


45.6/21.5*  from  51. 4/- 10.5* 
45.6/21.5*  a  45.6  cos  21.5*  +  145.6 
sin  21.5*  >  45.0  (.9304)  + 145.6  (13665) 
0  42.4+116.7 
51.4/-10.5''  = 
51.4  cos  (10.5*)  + 151.4  sin  (-10.5*)  = 
51.4  (.9033)  +151.4  (-.1022)  »  50.5  -  19.36 
SUBTRACTING: 

50.5  -  19.36 
42.4  + 116.7 

The  remainder  is  0.1  -  126.06 
-26.06 


0  arc  tan 


0.1 


arc  tan  -3.217  =-72.7", 


0.1 


 JU_ 

cos(-72.7')  *  .2957 


=  27.1 


(2)  MultlpUoatlon  -  To  multiply  two 
vectors  in  polar  lorm,  muUlply.-the  magni- 
tudes toflfetber  and  add  tbe  angles: 

MULTIPLY: 

59^*  by  47^* 

(55)  X  (47)  m  2505 

40*  +  55*  .  95* 

hence  (55/40*)  (47/SS*)  .  250S/9S* 

Vou  can  check  this  result  by  couvertliig  from 
polar  to  rectangular  form,  multiplying  and 
then  converting  back  to  polar  form. 

55/40*  m  42.13  +  135.35 

47/55*  m  26.96  +  130.5 

Multiplying: 

42.13  +135.35 
26.96  +130.5 

1135.025  +  J953.036  , 
 tlflga-flfls  *  t  13flQ-97B 

1135.025  + 12575.041  -   1360.975  » 

The  product  is  -225.15  +  12575.04 
2575.04 


e  a  arc  tan 


•225.15 


arc  tan  -11.43  «  95*. 


In  polar  form  the  answer  Is  27.1/-72.7*. 


_  -225.15  -22S.15 
21-^^#-T072 


The  answer  Is  258^95*.  practically  the 
same  as  obtained  before.  Since  a  power  of  a 
quantity  is  a  repeated  muUipUcatlon  process, 
note  tbat  (15/22*)2  ^  225/40*,  (15/22*)3  = 
3378/_6Q**^  and  so  on.  Raise  the  magnitude  of 
the  vector  In  polar  tbrm  to  the  desired 
power  and  multiply  the  angle  by  tbe  exponent. 


(3)  DIvIbIoo  -  To  divide  one  vector  by 
another,  divide  the  magnitudes  and  subtract 
anglea: 
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DIVIDE! 

(ftft/HO*)  by  (47/M*) 
118  +  47  -  1.17 
40*  -  ftft*  --18* 

88/40* 

h««-^-U17/:a8* 

(4)  To  ExtractaRoototaVector  •  Con- 
venelyi  to  extract  a  root  ofavectorin 
polar  fonn»  extract  tbe  req[Ulred  root  ot  tbe 
magoltude  and  divide  tbe  angle  by  tbe  index 
of  tbe  root  taken;  e»ff.: 

VloZSS"'  -  3.16/28* 
^  VlO/80"  ^  2>15/16,7* 


(5)  Extracting  a  root  or  ralelng  to 
a  power  *  Wben  either  extracting  a  root 
or  ralelng  to  a  power,  convert  rectangular 
quantities  to  polar  form  before  finding  the 
root  or  power.  Addition  and  eubtractlon  are 


earner  in  the  rectangular  form*  Multiplication, 
dlvlilon,  ralilng  to  a  power,  and  extracting 
a  root  are  eauler  In  the  polar  torm. 

OEOMETRY 

1.  AltKAfi  OF  PLANE  HOURES  -  Figure  27 
cootalne  formulae  uaed  in  resolving  the  area 
of  plane  flgurea* 

a.  AREAS  OF  mREGULAB  SURFACES  - 
Figure  26  contains  formulas  used  to  resolve 
the  area  of  Irregular  surflices» 

3.  SURFACE  AREA  AllDVOLUMEOFSOUD 
FIOURES  *  Figure  2S  contains  formulas  used 
to  resolve  the  surface  area  and  volume  of 
solids* 

TRIGONOMETRY 

1*  TRIGONOMETRIC  FUNCTIONS  -  Several 
special  relationships,  called  TRIGONOME-^ 
TRIC  FUNCTIONS,  holds  true  In  a  right 
triangle*  Electrical  problems  when  reduced 
to  a  right  triangle  can  be  easily  and  qulddy 
solved  by  the  use  of  tables  based  upon  these 
functions* 


»i   »i  »i 


Tu    M  ^ 


Flgxtre  26.  Areas  ot  Irregular  plane  Surfaces 
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Figure  27.  Areas  of  Plane  Figures 
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Figure  28»  Surface  Areas  and  Volume  of  Solid  Figures 
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TTigure  28.  Surface  Areas  and  Volume  oi  Solid  Figures  (Contd) 
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Figure  28,  Surface  Areas  and  Volume  o£  Solid  Flgurei  (Contd) 


SKOlltNT  or  SPHERE: 
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Figure  29*  Trigonometric  Ration 


c.  QUADRANTS: 

(1)  When  Ovaries  between  the  values  of 
00*  and  160*  (second  quadrant),  the  project 
tlon  r  Is  negative  and  the  Amotions  vhlch 
involve  r  become  negative.  Thus,  cos  Q 
and  tan  Q  are  negative  In  this  quadrant.  In 
the  third  quadrant,  lx>th  r  and  x  are  nega- 
tive. Thcrrforcffln^^andcos  Qwhlchlnvplve 
only  one  or  the  other  are  negative,  while 
tan.  Q>  which  involved  t>oth  r  and  is  posi- 
tive. In  the  fourth  quadranti  r  is  positive, 
but  X  le  stlU  negative.  For  this  reason, 
sln_Q  and  tan  Q  are  negative  In  the  fourth 
quadrant,  while  cos  Q  is  positive  (Figure 
30)*  . 

(2)  Trigonometric  tables  give  Amc* 
tioDSUp  to  90*  only.  Therefore,  you  will 
have  special  rules  lOr  angles  In  other  quad- 
rants. The  ioUbwing  rules  anply  for  hmdlons 
of  angles  greater  than  90*. 


a.  RATIOS  -  In  Figure  29,  0  is  the  angle 
ZOR,  OR  is  tba  projection  of  OZ  on  the 
horixontal  axis,  OK  is  tba  projection  of  OZ 
on  the  vertical  axis.  The  letters  r,X|  ands 
represent  the  leng[ths  of  OR,  OX  and  OZ 
respectively.  There  are.  In  all,  six  different 
ratios  between  the  sides  r,  x,  and  s.  They 
are  called  trigonometric  ratios  or  ITIKjONO* 
METRIC  FUNCTIONS. 

b.  FUNCTIONS  -  Generally  you  will  use 
the  first  three,  sln_  Q,  cos  Q.  and  tanQ.  in 
your  work.  You  can  save  much  time  t>y 
memorising  them.  Notice  that  three  of  the 
functions,  esc  Q.  sec  Q,  and  cot  are  the 
reciprocals  ofsin^Q.cos  Q.andsec  Q.respec- 
tively.  If  you  suppose  that  Figure  29,  OZ 
has  a  unit  length  of  1  and  is  rotated  In  a 
counterclodcwise  direction  beginning  with 
angle  0  at  0°  value  ^nd  continuing  until  it  is 
90°,  then  the  functions  wlU  vary  within  the 
following  limits. 


sin  0  Increases  ^m  0  to  i.o 
cos  0  decreases  ^m  1.0  to  0 
tan  0  Increases  firom  0  to  gd 
cot  0  decreases  firom  gd  to  0 
sec  0  Increases  from  1.0  to  gd 
CSC  e  decreases  from  oo  to  1.0 


(a)  IN  Quadrant  n: 

0  =  90*  +  some  angle  which 
is  designated  a  ^dph^ 

sin  (90'  +  a)  >  sin  (90*  -a) 
COS  (90*  +  a)  »  -cos  (90*  -  a) 
tan  (90*  +  a)  n  -tan  (90''  -  a) 

(b)  IN  QUADRANT  IQ: 

e  » leo*  +  a 

sin  (160*  +  a)  9  *sln  a 
cos  (160*  +  a)  =  *cos  a 
tan  (160*  +a)  =  tana 
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Flsun  30.  VarUtions  In  Values  of 
Functions 
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(c)  IN  QUADRANT  IV: 

0  m  270*  f  a 

1  olD  (270*  4^  a)    -sin  (fiO*  -  a) 

\         cofl  (270*  4-  a)m  cos  (90*  *  a) 
tan  (270*  f  a)  -  tan  (90''  •  a) 

(d)  EXAMPLES; 

1»  FIND  Bin  39* 

Solution:  E^lnd  the  angle  29*  In  ttie  table. 
Opposite  this  angle  and  under  the  heading 
sine  is  0»4846. 

Therefore  sin  29*  =  0.4646» 

2,  FIND  COS  129* 

Solution:  Cos  120  »  cos  (90*  ^  39*K 

According  to  the  rules  for  angles  larger 
than  90^ 

cos  (90*  4^39')  *  -cos  (90* -39*)  or  -cos  51* 

The  tables  show  that  cos  51*  Is  0.6293. 
Therefore: 

cos  129*  -  -0.6293. 


d.  INTERPOLATION  *  InterpolaUon  IB 
necessary  only  occasionally  since  the  tables 
give  functions  of  angles  to  tenths  of  a  degree. 


e*  INVERSE  FUNCTION  *  The  angle  cor- 
responding to  a  given  function  Is  called  the 
INVERSE  FXmCTION  and  Is  written  arc  sin  9 
or  BlrT^  0.  There  are  2  angles  correspond- 
ing to  any  given  function*  For  example; 
arc  sin  0.6426  is  40*  or  140*.  To  avoid 
confusion^  certain  values  of  arc  sin,  arc 
cos,  etc»»  are  designated  the  principal  values 
and  are  indicated  by  capitalizing  the  letter  A 
of  arc»  The  principal  values  of  arc  sin  0 
and  arc  tan  0  are  those  in  the  first  and 
fourth  quadrants,  and  the  principal  values  of 
arc  COS  0  are  those  in  the  first  and  second 
quadrants » Therefore, 


Arc  sin  0.6426  =  40* 


In  finding  the  function  of  an  angle»  or  vice 
versa,  note  that  the  functions  repeat  them-* 
selves  every  360*.  Thus, 


sin  400*  ^  sin  (400*  -  360*)  =sin  40*  =  0.6426 


You  can  say  that  a  negative  angle  is  equi- 
valent to  a  positive  angle  which  is  360*  plus 
the  negative  angle.  To  illustrate. 


-50*  =t360*  ^^(-50*)-310J' 


Hence  sin  (-50*)  =  sin  310*   =  -0.7660. 


Angles  in  the  fourth  quadrant  are  frequently 
expressed  as  negative  angles. 
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3.  SIMPLE  RELATIOMSHIPS: 


2  2 
Sin  0  +  cos  6m  I 

Tan  0  ■  Stn  O/coaO 

Cot  0  -  Cos  O/sin  0 

2  2/2 
I  +  tftn  0    sec  0  «  I/coa  0 

2  2  2 

1  +  cot  0  »  co8«c  0    l/aln  0 


alnfla  \/l-cofl 


Vl+tan^fl  Vl+cot^O 


DEGREES  AND  DECIMAL 
FRACTIONS  TO  RADIANS 

To  conrart  25.79^  Into  mOIzbs,  find  tb6 
equivalents  of  20* »  S"",  0°.7,  0°.Q8  and  add. 


cofid 


l-8ln  0=. 


cot  0 


tan^e  Vl+cot^fi 


aln  3  -slnO 
cos  (-6) «  cosO 
tan  (-0) »  -tanO 
sin  20  =  2flln0  cosO 


2  2 
cos  26  >  cos  0  -  aln  0 


I  -  2aln  0 


2cos  6*1 


.    «A  2tanfl 
tan  2fl  «  — y 


I  -  tan  0 


Deff 

Radians 

10 

0.174S33 

20 

0.349066 

30 

0.523599 

40 

0.698132 

50 

0,872665 

60 

1.047196 

70 

1.221731 

80 

1.396264 

90 

1.570797 

Radiani 

Dr«ree» 

1 

57.2968 

2 

114 . 6016 

3 

171.8873 

4 

229.1831 

6 

286.4780 

6 

343,7747 

7 

401,0705 

8 

458,3662 

9 

515.6020 

10 

672,«578 

Sin  (A  +  B)  3  sin  A  COS  B  +  COS  A  Sin  D 
Cos  (A  +  B)  1  COS  A  COS  B  *  sin  A  sin  B 


Tan  (A  +  B) 


tan  A  +  tafl  B 
1  *  tan  A  tan  B 


Sin  (A  -  B)  s  sin  A  cos  B  *  cos  A  sin  B 
Cos  (A  -  B)  I  cos  A  cos  B  +  sin  A  sin  B 


Tan  (A  -  B) 


tan  A  *  tan  B 
I  +  tan  A  tan  B 


Multiples  and  Fractions  of  ^  Radians 


RadUns 

Radlantf 

•K 

3.1416 

180 

2% 

6.2832 

360 

31C 

9.4248 

540 

41C 

12.6664 

720 

5X 

15.7080 

000 

61C 

18.8496 

1080 

71C 

21.9911 

1260 

8X 

25.1327 

1440 

9ie 

28.2743 

1620 

10 1C 

31.41jS0 

1800 
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Figure  31  (ConM) 

Natural  Trigonometric  Functions  for  Decimal  Fractions  of  a  Degree 
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Figure  31.  (Contd) 

Natural  Trigonometric  Functions  for  Decimal  Fractions  of  a  Degree 
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Figure  32,  Metric  Conversion  Table 
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10* 

inyrU- 

10'* 

10"* 

Iwkto- 

plco- 

ID 

Figure  33,  Metric  Multiple-^ 
Prefix  Table 


flTAHDAfll)  RCaiSTAKCC  VALUES 
ALL  VALUES  tH  OHMS  mcKHCAL 

MEGOHMS 

1>0 

10 

104 

LOOO 

io«ooo 

100*000 

0.1 

LO 

to.o 

lA 

11 

110 

MOO 

ILOOO 

IIO.OOO 

0*11 

1*1 

tl.O 

l.Z 

IZ 

130 

1.20O 

13.000 

130,000 

0.13 

1.3 

13>0 

1>} 

13 

130 

1.300 

13,000 

130,000 

0. 13 

1>3 

13>0 

1>5 

15 

ISO 

Lsoa 

IS^OOO 

150,000 

0.1S 

1>5 

13.0 

l.« 

1« 

100 

1*800 

18.000 

180,000 

0>18 

1.8 

18>0 

1*8 

1« 

180 

L600 

18»000 

ISO^OOO 

0>1B 

1.8 

'  18.0 

>.o 

>0 

300 

3»  000 

30,000 

300»000 

0*3 

3.0 

20.0 

>2 

320 

3, 300 

33, 000 

330»000 

0.32 

3.3 

33.0 

J4 

340 

3,400 

34.000 

340, 000 

0>34 

3*4 

IT 

ITO 

3,  TOO 

3T,  000 

310»000 

0.3T 

3»T 

JO 

300 

3»000 

30.000 

300»  OOO 

0,3 

3>0 

31 

330- 

3.30O 

33.000 

3^.000 

0,33 

3>3 

M 

3«0 

3.800 

38.000 

380.000 

0.38 

3.8 

3>t 

3ft 

3t0 

3,800 

38.000 

380,000 

0*38 

3.9 

4.} 

43 

430 

4»30a 

43.000 

430,000 

0,43 

4.3 

4.7 

4T 

470 

4»T00 

47,000 

4T0.O0O 

0.4T 

4.7 

5>1 

SI 

SIO 

OtlOO 

S1»000 

510,000 

O.Sl 

5>1 

S«0 

S»800 

58.000 

580.000 

0,58 

5>8 

8> 

030 

8.300 

83.000 

830,000 

0>83 

8.3 

OS 

080 

8.800 

88.000 

8i«»000 

0,88 

8.8 

TS 

TSO 

T,S00 

T5.000 

TSO.OOO 

0>T5 

T>5 

83 

830 

8.300 

83.000 

820,000 

0.03 

8.2 

9>1 

tl 

810 

8,100 

81.000 

818,000 

0>>1 

»>1 

SIGNlnCAMT 

tolcramcc     mulupuer      ficvrc  color 

1 

0  fiUck 

10 

1  firowD 

100 

3  lUd 

1.000 

3  Ortamfi 

10>000 

4  Y8tlov 

lOO^OOO 

S  CfMO 

1,000.000 

8  BliM 

10,  000.000 

lOO.OOOtOOO 

•  Cr*y 

IcOOO.  000.000 

>  WUt* 

8 

0>1 

Gold 

10 

0.01 

■ltv«r 

30 

Ho  Color 

Figure  34.  Standard  Resistance 
Values 


Figure  35.  Resistor  Multipliers 
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2D3 


ccam  com  mmm 

COMPOatTIQN-TnE  RESISTORS 


1  tr 


FIRST  HDMBER— 
SSCQND  Kl.iSlR' 


MULTIPLIER - 


-I 


3C 


-FAILURE  RATE 


-TOI£RAKGB 


COLOR  COnES  FOR 
PART  IDBNTIFtCATIQtl  MARKtHG 


COLOR 

PART 

SXatlFICAKT    FIGURES  OF 
EISCTRICAL  VALOE 

TOtERANCZ; 

FAILURE  RATE 
PER  1000  HRS 

1 3t  Number 

2nd  Number 

MultlpUer 

Black 

Capacitor 

0 

0 

1 

±  ^% 

L  5% 

Broun 

1 

1 

10 

t  15^ 

M      1  % 

Red 

2 

2 

100 

+  Z% 

P 

Orange 

3 

3 

1000 

R  Q.0\% 

Yellow 

U 

4 

10000 

s  o.ooi;? 

Green 

Diode 

5 

5 

100000 

T  o.oooi;g 

Blue 

6 

6 

1000000 

Violet 

7 

7 

10000000 

Gray 

8 

8 

White 

9 

9 

Gold 

0.1 

±  "5% 

Silver 

Coil 

0.01 

±  10? 

Figure  36,  Resistor  Color  Code 
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CAPAClTCm  CCLOtt  CCD!  MAllXtHO 
tMILi^TDCAPACltOnt) 


TYPI  lHDtCATO»t 


rmr  itoHincANT  rtotmi 


CKARACTf»iaTtC 


\\\  nouRi 

L — T 


IKD1CAT0» 
(AtADtNO 

  DmiCTIDH) 

DICttlAL  WULTIPLUn!*^ 
TOLEnANCE 


«  HUCK  DOt]  MICA  DUEUCCTRtC 

81LVEA  DOTi  PAPOl  DULECTRIC 
*«mDtCATCB  NUMBIA  OF  XEROfl  ON  PAPOt  TYPI, 
 WCA  tCtl)  AKD  PAPm  <CH) 


eccoto)  Atom  nc  ANT 

FIGURE 
IHUT  BiaKtnCANT— > 

FIGURE 
TEMPERATURE - 
COEFFICIEHT 


nECtMAL  IfULTIPUER 
CAPACITANCE 
TOLEAANCB 


INNER  *BUlCntODB 
SECOND  SWNIFICAKT  — »  T*W<WAL 

nOURE 
FtR9T  nOKtFICANT-^ 

FIGURE 
TEMPERATtmE  — 


COEFFICIEHT 
INNER  *EUICmOOl 
TCAHIHAL 


I  OICIMAL  UUtTIPLIER 

CAPACrrANCI 
TOLERANCE 


NOTE: 

8POra  MAY  BE  USED  INSTEAD  OF  DANDO; 
TEMPERATURE  COEFFICtCirr  MAlUCINa  Q  LARGER 
CERAiaC-TCUPCRAtURE  COMpEHSATOfQ  (CC> 


MtL  BUTTON 'UIC A 
tDlNnriEII  fBUCK) 


CtlARACTEAUTtC 


FlMT  lUlNtFICANT 

FIOURI 
•ICCHD  SIGNIFICANT 

nOURI 
DECMALMULTttLIIR 
CAPACITANCE 
TOLERANCE 


BUTTOH*MtCA  tCtIk 


mST  SiaNiriCAHT  1  ^ —  SICCNO  StONinCANT  fiaURB 

FIGURE  |-  DECIMAL  WULTIPUEA 

CWARACTEHISTIC  — njllrCAPACrrANCE  TOLtRANCE 

I^RH«  Y  tDEKTIFtCR 

INNER*BLECTRCDB  ^sjf"""    ^     (BUCK  DOT) 
TEAMOfAL  S  0 

^FIRST  StGNlFICANT 

CHARACTERISTIC  — ^^^^-^(^SBCOWD  SUmFICAHT 

  DECIMAL  MULTIPLIER 

MIL  OTCNTimft  /^'^•CAPACrrANCE 
tBUCKEPOT)  f  TOLERANCE 


NOTES: 
1 


SPOTS  MAY  BE  USED  ON  TUBUUR  CAPACtTOftS 
CItAAACTERISTtC  SPOT  J9  LARGER  AMD  MIL  tDENTtFlElt 
18  OH  SIDE  OtAMmUCALLY  OPPOStTI  COLOB  SPOTS. 
MIL  IDEimrtER  OF  OVK  DTPB  IS  ON  REVERSE  SIDE: 
CNARACTERISTtC  SPOT  18  LARGER  OR  SPACE  BETWEEN 
CHARACTIRlSnc  AND  TOLERANCE  SPOTS  IB  THREE 
TIUXS  SPACE  BETWEEN  ADJACENT  SPOm« 
TOLEEUNCE^  YELLOW*  lOOl« 

CERAMIC-OENOUL  PUmPCSE  (CK) 


CAPACITOR  COLQft  CCDS 


COLOR 

SIG 

MULTIPLOB 

CHARACTERISTIC^ 

TOLERANCE^ 

TEMPERATURE 

DECIMAL 

NUKBEB 
OF 
ZEROS 

CM 

CN 

CB 

CK 

CM 

CM 

CB 

CO 

COEFFICIENT 

OVER 
lOUUF 

KHniF 
OR  LE8S 

cc 

BUCK 

0 

1 

NONE 

A 

10 

SO 

10 

10 

1 

ZERO 

BROWN 

1 

10 

B 

B 

B 

W 

1 

-30 

RED 

% 

ISO 

C 

H 

X 

% 

1 

1 

*00 

Orange 

% 

Uooo 

0 

J 

0 

10 

*150 

YELLOW 

4 

10«000 

B 

P 

•130 

GREEN 

S 

.  r 

R 

0 

o.s 

^0 

Bunc 

s 

8 

*4T0 

T 

T 

w 

-T50 

GRAY 

s 

X 

o.ie 

WHITE 

• 

10 

1 

^0  (fSOO)' 

GOLD 

% 

0 

^IDO 

SILVER 

0.01 

10 

10 

10 

iLsmntS  ABS  W  type  DESICNATIONS  OVEtMH  MIL'C  SFECmCATIOHS. 

*VH  PERCENT,  EXCEPT  W  UQF  TOR  CC-TTPE  CAPACTTORS  OP  10  VUP  OR  LESS. 

SqITEHDED  for  QBE  W  aRCOITS  HOT  REOOIRIKO  COUPEKSATIOH. 


Figure  37.  Capacitor  Color  Code  Marking 
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TMmJ>  rmnt 
ocoND  rnuni 
rtitirrntmi 


%  TOUUtAHCI 


nnrr  rnimi 


Figure  38.  Button-*Mlca  Capacitor  O)lor  Coding 


CATACtTOM 


COLOft 


HAtTHO 


TttCPnATVnK 


1 


Figure  39.  Capacitor  Multipliers 


1 


3^ 


Cavacitor  voltage 

On  CHARCe 


On  OiSCKARCe 


CAtAdlQH  CUmtCNT  OH 


iNOuCto*  CyBWENr  o« 

HveaiSTCR  VOLTAGE  ON 


iNDUCTDn  CUn^tEsr  on 

^ESlSTOW  vOLTACe  ON 


Induct  OK  voltace  on 

BUtLO-U*  Off  OECaT 


}  1 

tluE  IN  TitoE  COnSTAhTI 


Figure  40.  Univ^raal  Time  Chart 


C0NVEH3I0M  FACTORS 


3  3 
nadar  slgtml  velocity  «  lee  x  10  statute  mltos  or  162  x  10  nautical  mllea  per  second 

One  statute  mile        m  8260  ft. 

m  6060.2  ft  m  1683.164  meters 

«  12.6  mlcroaeconde  (signal  out  ^  back) 

m  one  nautical  mllo 

«  2.84  cm. 

B  30.46  cm. 

»  36.37  Inches 


One  nautical  mile 
One  radar  mile 
One  radar  mile 
One  Inch 
One  toot 
One  meter 


One  radian 
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« -Iff  degrees  «  67.3* 


JmL. 


—hXtIU  H  WAVE: 

HFlviirluBF 


UBFlaMyleMP 


4PKAIII 


VUIBLE 

UOHT 


coamc 

ltAV0 


iQia  10^3  j^ii  1^1*   „,i  ^(^1  ^  ^^'t 


ANGSTNOM 


INPIlAltEC 
(  ANOSTHOU  UNIT  .  10'*  CM 


rxiO^        IXIO^  3XI«I  IXIO^ 


CKEEN 

BLUE 

UTHtUM 

tHALUUM 

FLAME 

1 

ruuiE 

1 

-ULTRAVIOLET 


Figure  41.  Electromagnetic  Wave  Spectrum 


pr«qB#ftcy  3  Ite 


—[  

)0  lie 


Mr 


)0  toe   300  kpkc 


>Kle  rowan 


World.  «Ut 

30«« 

13,  OM 

Ufi«  Of 

LiBf  vi 

Lln«  «l 

nflteiloA 

E-I«r«r 
rtfUetlw 

rtfUetttfi 

I4u«piwr* 

Spondle 

»P»»rte 
rtfUctlctt 

^ndle 
(feline  A 
■dm* 

miwphtrle 
bfaAerpitlon 

■Be* 

A  uttirai 

Autorfll 

Man  nftd* 

A  uluFil 

Mm  ia*dt 
Auninl 

^^«a  win 

O^it  vlr* 

O^a  vtra 
A  e«ut«l 

Goulal 
A  wtm' 

w*vfimd« 

Appiica- 

GoouBitiiii* 

eaUflq#* 

GWAMl- 

eoHtnl, 

Ataoue 
elMk*. 

ealtOH, 

eulw. 

eitiofw. 

eaaoA*. 
eodim* 

e*U«H. 

t.lvvtalfli, 
eoatm, 

iBtfUtTUL 

m*die>l 

eontni. 

ndw, 
iBduMrUL 

.xp*r|p 

Figure  42.  Cbaraeterlsties  of  Badlo  Waves 


1S3 


lERlC 


302 


D^O  MirrElt  FORMtfLAd 


VOUAOI  MOtTlPUCRfl* 


n 


whirrB  R  -  multiplier  r««i«Ufic«  m  obm** 

Ef^  -  hill  •C«t«  r««dt««  r«qu|r«d  In  ^lU* 
l|«  *  hill  «c«1«  current     ifi«Ur  In  •ap«r««i 


MCASURING  RCSISTaNCC. 
li   rormul*  for  in«««urLDf  rMlctaacei 
With  ifilUl«mfn«t<r  «MlMttBry.^ 

h.  with  ifillli«inin«t<r«  b«tt«ry,  «4<l  knanfu  r**Utofr. 

Ci  With  voltmeter  aDd  bvRary* 


2a, 


wh«r«  Rk  ^  wkkoown  r««l«Uno«  in  ohm** 

Rih  ~  m«t«r  r««l«luw«  lA  otaMi  or  •(f*etlva 
in«Ur  r««'i«UBC«  If*  ihUAted  riUf*  l« 

t|  ^  wrrMt  r«4dtnf  wttta  •wll«fa  op«i, 

1}    Mrrni  rtidiiif  wttta  Awtloh  oloMd* 

R|  *»  ourrtnt  llnltlDf  rMUtor  of  •uttoieal 
v«lue  to  keep  meter  retdlof  tm  eoeU 
when  •witch  l«  open. 


lb. 


wtaer*  Rk  ~  u&fcnowft  reokttnce  1°  ohin«« 
Bj  ~  kDewo  rvelotiiwe  la  ebmei 
B(a  *  meiet  reeUtence  I*  ehmo* 
1|  ~  current  reedtof  wtth  ewttch  cloeed* 
1}     current  reedlnf  witb  ewltdi 


where  Rk  ^  mk&own  reeieteoce  ia  ohnie* 

Rn  .  meter  reeietence  lA  ohme*  tDclwUBf 
multtPtler  reetetenoe  it  •  multiplied 
f  te  ueeit. 


voltmeter  reidlof  wtth  ewitcb  CEoeed* 
^1    wltmeter  reeding  wtth  ewltch  open^ 


Figure  43.  D-C  Meter  Formulas 

303 


OAoe 

DUtirrtn  wcntn 

AREA 

frttOJtT 

LKKOTII 

REBDTANCJG  ATO«^  F 

(AVVO) 
'  OR 

Ciroulijr 

Poundo 

Ohm* 

Ohm* 

(Ob  9) 

Mil* 

p«r 

P«r  Lb 

P«r  Ohm 

p«r  Lb 

0000 

*4A04 

,4000 

,4040 

311000, 

040,0 

1,981 

,04001 

3O400, 

,00007883 

000 

*  40A0 

4  4016 

«4117 

10780O« 

007,0 

1«*88 

,04180 

10180, 

,0001317 

00 

,1013 

,3440 

«3084 

133 100, 

403,0 

3, 483 

,07793 

13633. 

,0001030 

0 

,131T 

,1340 

«1301 

108000, 

110,0 

3,130 

,00837 

10180« 

,0003070 

1 

,aM4 

,3003 

,2033 

83800, 

301,1 

3,147 

,123* 

OOTO, 

,0004001 

3 

t3900 

,3ST0 

,2003 

80170, 

300,0 

4,977 

,  1543 

0400* 

^  IUV077TB 

*3ati 

,2304 

«2317 

03840, 

100,3 

0,370 

,1070 

9078, 

,001237 

4 

,3023 

,3043 

,3083 

41740, 

138,4 

7,014 

,3408 

4030, 

,001088 

a 

,LM1 

,1010 

,1037 

33100, 

100,3 

0,000 

,3133 

3103, 

,003127 

e 

1 1004 

,  1030 

,  L030 

30380, 

70,44 

13.80 

.3001 

,004973 

t 

.1410 

,1443 

,1437 

30830, 

83,02 

19.07 

,4083 

3007, 

,007*09 

0 

.1173 

,1300 

,  1308 

10810, 

40,08 

20, 01 

,0383 

1503. 

,01257 

0 

.1111 

.1144 

.1199 

13080. 

30,03 

25.33 

,7*31 

1383, 

,01900 

10 

*  1009 

.  lOlO 

,  1039 

10330, 

31,43 

31*83 

.898* 

1001, 

.03170 

11 

,00074 

,00105 

0334. 

34.03 

40.12 

1,240 

704. 

.05093 

11 

.oaooo 

,00001 

,00101 

8830. 

10.77 

90. 59 

1.980 

038,0 

.05035 

13 

.07114 

♦ 

.orm 

,07280 

0170, 

10.50 

03.80 

3,003 

J 

4*9,3 

.1375 

14 

t06344 

.00400 

,08471 

4107. 

13,43 

80.44 

3,533 

3*8.0 

.3033 

19 

,OMBO 

,00707 

,08784 

3307, 

0,550 

101.4 

3.184 

314,0 

.3330 

le 

,<^031 

.00001 

,08131 

3383. 

7,810 

137,0 

4,015 

340,0 

,8138 

It 

* 04401 

,4433« 

.04371 

1045. 

0,200 

101.3 

9,084 

107.5 

,8187 

IB 

.03 too 

,O4l030 

,04070 

1814. 

4.91T 

303,4 

8.355 

158,5 

1,390 

L* 

.030S1 

.03300 

.0U25 

1388. 

3.390 

258.0 

5.031 

134,3 

3.085 

10 

.03104 

,03LH 

,03220 

1011. 

3.083 

333.4 

10. 10 

88.5 

1.183 

31 

.02010 

.02S46 

.02874 

010.1 

3. 493 

407.0 

11.80 

78.11 

8.111 

12 

.02&10 

.01530 

.02300 

842.4 

1,545 

014.3 

18^  14 

81.05 

0.101 

U 

,01234 

,02237 

.03280 

500.0 

1.542 

043.4 

20,34 

48,13 

13,30 

14 

*oim 

.02010 

,03030 

404.0 

1. 333 

017.7 

33.87 

38.08 

20,9* 

zs 

.omo 

,01720 

,01010 

110.4 

.  0800 

1031. 

11.17 

30.00 

33.37 

2S 

.OlSTO 

,01594 

.OlOlO 

354.1 

.7003 

1300. 

40. 81 

34. 50 

tut 

IT 

,0140« 

,01410 

.01434 

301,5 

,5100 

1039. 

81.47 

19.43 

54.3* 

30 

.01231 

.01M4 

.01377 

189.0 

,4837 

3087. 

84,80 

15.41 

134.3 

29 

,01115 

.OHIO 

,01117 

128.7 

,3838 

2807. 

81.83 

12.11 

313.3 

10 

,00003 

.01003 

.01013 

100.5 

.3043 

3357, 

103.1 

9.891 

11 

.008810 

.000010 

.009020 

70.7 

,3413 

4145. 

150.1 

7,885 

330.3 

11 

.OOTBSO 

.OOtfOO 

.005050 

03,11 

,  1813 

5227. 

154.1 

8,0*5 

857.* 

31 

.004000 

.007000 

.007180 

50, 13 

,1017 

0081, 

300.0 

4.433 

1344. 

14 

.000203 

,008100 

.008400 

30. 75 

,  1303 

8310. 

180.0 

1.433 

«lvv. 

15 

,009915 

.000010 

,003710 

31,91 

.08542 

10430. 

529.0 

5,040 

3440, 

3< 

,004000 

.005000 

.003100 

33.00 

.07988 

13310. 

414.0 

1.411 

5403. 

17 

.004331 

.004453 

,004533 

15,83 

.08001 

18080, 

923.1 

1.911 

8717. 

IB 

.003M5 

.001000 

.004080 

15.73 

.04730 

31010. 

858.5 

1.51* 

13*80. 

10 

.003431 

,003531 

.003831 

11.47 

.03774 

34000. 

831.8 

1,201 

31040. 

40 

.003043 

.003143 

,003243 

0.558 

,02893 

53410. 

1049. 

0.8534 

15040. 

41 

.00270 

.00300 

.001*0 

7.8400 

.02373 

42140. 

1323. 

*795g 

55750. 

42 

.oouo 

.00140 

,00150 

0,3001 

.01877 

1873. 

.5977 

SO 110. 

43 

.00211 

,00131 

.00131 

4.5254 

.01401 

07030, 

3104. 

,4753 

141000. 

44 

.OOlST 

,00107 

.00307 

1.8005 

.01179 

88100. 

3473. 

.1743 

327180. 

4S 

.00100 

.00170 

.00185 

1.0*T« 

,00*30 

104800. 

3348, 

.2957 

3548*0* 

40 

.00147 

.00157 

.00187 

1.4840 

.00740 

134040. 

4207. 

.1377 

843*00. 

Figure  44.  AWG  Copper  Wire  Table 
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NOMENaATURE  POLtCV 

JANAP  tffl  for  3ut«m«nl  of  PoLieloi} 


li   AN  Nom<lticl«luf«  will  b«  AiAlK'i't' 
A.  CoinpletA  M«ti  of  vqulpmetti  nnd  mnjor  comUknentt 

Croup*  ttf  itrllclfii  of  eUh«r  camtTt«rcial  or  mlllUry 

J«Aiftn  which  an»  grDup«d  for  mlUbiry  purpns** 
Ch  Major  triklajt  nt  mlllUry  d«algn  which  arv  not  pifl 

of  or  ufteJ  wUh  a  tcl* 
r>.  Commerclil  irti(il««  wh«n  nomvnclitufv  will  facll- 

lUite  mlllUry  idBnIlllcAlton  wd/or  proc^durvi* 
2.   AW  NomfiivclaUiM  wWX  nol  be  »Ml«ftfl^l  tot 


At  Article  c4Ulog«d  oamtTt«rdilly  «Kti«pi  In  tocorduutv 

wllh  ptriftriph  1*0* 
D*  Minor  compon«nU  of  miltury  d9»ign  f«r  which  olh«r 

4tliK|UAt«  mviAt  «r  ld«nilfJciilon  At9  tvitubla* 
C.  amtll  pl«c«  ptru  iuch     c4p«cltori  ukI  rtfilaturi* 
D*  Artlcl««  h«vtnc  uth«r  «diK|UAt«  Idvnllflcailofl  In  Julni 
mJllUry  aP«ciftC4tL0nfl* 
^  Nomencltlurv  Malftfim^u  will  r«mAln  tinchitwcd 
gardl«i«  of  Itinr  chftng«a  in  tnaUtlAtloa  vul/or  ap^ 
Ptlcallon* 


IMPORTANT.  ^  Alt  perionnel  arc  cAUlLon«d  Aflalnil  tirtccicuiirtg  or 
chtnttlng  any  pari  of  u<y  nom^ncUlum  aMlsnmenl,  Inoludtng  modtflcttlon 
]«l(era*  wtthoul  Authoftuhon. 

SET  OR  EQUrPMENT  INOtCATOR  LETTERS 
AN  / 


AN "SYSTEM 


INSTAULATJON 

A--Ajrborn«  (Lna tailed  and  op«raiiid  In 

alrcraflK 
B— Underwater  moblU,  aubmarlnv* 
C--Alr  tranaporUbtv  (lnacUvat«d*  do 

noi  ua«K 
D—  P 1  Lo  ll«4  a  carr  ter , 
F-Flxed, 

C— Ground,  Eeiwrat  ground  uae  (Include 
iwo  or  more  rround-iype  Inatalla- 
tlona). 

K— Amphiblouv, 

M— Ground*  mobile  (InaUlled  aa  opera- 
ling  unll  In  a  vohtcle  which  haa  no 
function  other  than  transporting  the 
equipment). 

P— Pack  or  portable  lanlmal  or  man), 

S— Water  iurface  craft* 

T-^-Ground,  transportable, 

U-'-Oeneral  utility  (Inoludea  two  or 
more  general  Installation  claea«9* 
airborne*  flhlpboard,  and  grwindK 

V —Ground*  vehicular  (Installed  In  ve- 
hicle designed  for  [unctions  other 
than  carrying  Electronic  equip  men  ti 
etc,  auch  aa  tankah 

W-^-^Wtinr  surface  and  underwater. 


1 


TYPE  OF 

EQUIPMENT 

A— Invtatble  light*  heal  ta- 

d  tat  Ion* 
B— Pigeon. 
C— Carrier, 
0— Had  lac, 
£— Kuptc. 
F—PhotographiCH  ^ 
G— Telegrai^  or  (ete^pe.. 
t  —Interphone  tnd  public 

address, 
J— electromechanical  or  tn- 

artlat  wire  covered, 
K— Telemetering. 

-Counter  measu  re  i , 
M-  -MeteorologI  cat , 
N— Sound  In  air, 
P— Radar, 

Q"Sonar  and  underwater 

sound, 
R— nadjo, 

3— Special  ^pea,  magnetic* 
etc,*  or  combinations  of 

T— Telephone  (wire)^ 
V^-Vl«ual  and  vtaible  tight.. 
W— Armament  (peculiar  to 

armament*  not  other- 

wlee  covered), 
X-'-FacelmiEe  or  television, 
Y— Data  proceiatngn 


m;sc* 

lOENT* 


PURPOSE 

A— Auxiliary  aaaembllea  (not  com- 
plete operating  aeta  uaed  with 
or  part  of  two  or  more  seta  or 
seta  series)^ 

B— Bomtilng, 

C— CommunlcaUona  (receiving  and 
iruiamitting), 

D— Direction  finder*  reoonnats- 
eanca,  and/or  surveillance, 

£—G|ecilon  and/or  relaaae* 

G— Ftra-conlrot  or  aearchligm  di- 
rect big, 

H— Recording  and/or  reproducing 
(graphic  meteorological  and 
sound)* 

K— Computing, 

L— Searchlight  control  (tnaciiva- 
tedf  uae  G)* 

M— Maintenance  and  teal  aseem- 
bliea  (Including  tools)* 

N— Navigational  a  Ida  (tnchHlIng 
alilmeinra*  beacona*  compaaaes* 
racona*  depth  nounding,  ap- 
proach* add  landing), 

P— Raproducing  (Inactivated*  do 
not  u*e), 

Q— Special*  or  combination  of 
purpocee* 

R— Receiving,  paiMtv«  detecting., 

S— Detacttng  and/or  range  and 
bearing,  eearcb, 

T—TraiMimitting, 

W— Automatic  Qlgl^t  or  remote 
control, 

X— tdeatlflcaiton  umI  recognition* 


^Noi  for  US  u«a  except  for  asa^giUng  euKU  latlers  to  previously  oomenclatured  Itemii 
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Ftauro  45.  Nomenclature  Syatem  {Contd) 


CCMPONCNT 

iNDlCATOnS                       'AWll-V  KAMI 

BXAUPusoF  tias 

tnat  10  ba  dflutniad  ai  UmlUnf  tlu  applioaUM  of  tha 
flftMBoBagLtmUcaterl. 

A8 

  Anidoaa  mouota.  mux  baiaa,  maai  aaoitoiu.  Idw^ra,  aid. 

AU 

  P«war.  Midld.  IntailtboMa.  ridlo  fraqutnoy.  Wiko^  alaetrenlc 

oontroL  alo. 

Ad 

  Arrayi.  paf a)»Ue  tXP«*  muihaad.  alo. 

AT 

AnUimi*.  iltnPlA  .  .................... 

  Whip  or  talaiooplO  loop.  dlpo)a.  raOadlor.  aW. 

ba 

  Bbaltartai.  battary  paoka.  ate. 

DB 

  florae*  battorlM.  baltary  paoki.  au. 

BZ 

BlCUi  d4vlc«i.  audible  .  ............... 

  Buaiari.  fo«ffa*  boroa.  aW. 

c 

. . .. .    CoatTDl  box*  ramoU  tunlag  cdntrel  aid. 

CA 

Con  mull  lor  laMiDbilAa  whw^. 

  Pa«uUar  lo  Moar  aqulpmaai. 

CB 

  Uaad  aa  a  poitfar  auppb^. 

CO 

..     RF  ciblaa.  wavafuldaa.  tritumlaalmi  llnaa.  ald.^  with  idrmidnta. 

CK 

CryiUl  kit* ........................... 

A  kit  of  eryatala  wlikbotdan. 

CM 

  Coinpar*a  two  or  vora  lopul  ilfnata. 

QU 

  ElaotrUal  «ad/er  moobanloal  cDmp«niaUnf  ragutatlntf  or  attamiil* 

iBf  tpparabia. 

CP 

. . . . .    A  madkialoa)  Mod/^r  ataotronlo  matbavtitloai  oikutattng  daWca. 

Cll 

CryvtAta  ............................. 

  Cryatat  tn  ety>ta(  Holdar. 

CU^ 

  ImpadaiioodouPilBf  daWcaa.  dlradtlooa)  touplara.  ate. 

CV* 

  Elaoirottlo  apparatua  tor  cbaniinf  tba  phaaa.  b-aquancy,  or  from 

"ooa**  madJum  lo  "anotbar. " 

cw 

.....    Covar.  baf.  roll.  cap.  radoma.  nacalta.  aid. 

CX 

  NodRF  aalilaa  wUh  larulnila.  tall  taada.  alao  ooinpoiiio  cablaa 

of  HF  and  aooRF  conductofa. 

CY 

  Rlfld  and  aauirl|ld  imiotura  for  aettotoalng  or  carrying  equip* 

D 

  Chatf  dlipaiiaara. 

t)A 

, , . , .    RF  and  nooAF  teal  bade. 

DT 

  Uagnatle  pickup d«vlc«.  aaar«b  ootl.  hydroptioaa,  eld.  (laaRF}. 

QY 

  Dynaioolor  powar  aupply. 

Z 

. . . . .     POlur  niai  tpwohhj  .  va . 

F 

  Baod-ptM.  Bolaa.  talapbooa.  yata  trapa,  etc. 

FH 

  Chain,  daaka.  table*,  etc. 

FR 

  FteqMoey  metara.  tmMdcevl^.  etc. 

G 

. . .  * .     EiacGTicai  powr  (anareKira  unUKVUi  pniee  Bwvara  iaaa  Fv  «Fv;. 

GO 

. . . , .     Oonlomatere  of  all  typee. 

GP 

  Qreuadroda.  etakaa.  ate. 

H#ftd.  imw^  HIM  obaii  a#ts  ............ 

  bcbMSai  earphoae. 

He 

Crvatal  Iwld*^  . .  .........  ............ 

  Cryital  boklar  1e«e  cryatal. 

HD 

  Haadnf.  cooling  dabiuiildl4rli«.  pr«aaure.  vacuum  d« vice 

ID 

LuUcttora.  tMNKatboda-ray  luba 

eld. 

  CallbratoddUta  aodmetari.  HuUceUnf  Ugfata.  eld.  (••«  IP). 

IL 

  Strain,  ataodott  tftad*thro4«lu  etc. 

EK 

  locbMSae  SWR  fear,  field  latanal^  aod  Adea  maiara.  iiotted 

IP 

Uoaa.  elo. 

. ....    Ailmutb.  etavatlaB.  pmremlc.  etc. 

i 

  iuDctloo.  }aok  and  taralaal  boxaa,  eld. 

KY 

. . . . .     Hacnanicai.  eiaovHUj  am  eucvooic  nyari.  oooara.  inwr* 

niptara.  ato. 

LC 

  locludaa  ipaolal  apparatua  atkcb  aa  cabta  plowa.  etc. 

LS 

  Baparatab^  bouaad  LoudaPMkare.  latarcomimuitoauoa  itatloii. 

M 

  Radio,  talapteoa.  tbreat,  band,  eld. 

HA 

  ItagttetK  tape  or  wlr«.  etc. 

KD 

  Dwvloo  for  varylac  aupUluda.  fre<|uaacy  or  phaaa. 

US 

. ....     Uttltlinatara.  irQU^biii-Dillllami&aCera.  vacuum  tube  voUmetera. 

power  oeiar*.  etc. 

UF 

Higiwta  <tT  migMtle  fiald  t«ft«r«lm  , , , 

  MafDatlc  tape  or  wtra  araaar.  alactromacDetf  parmanant  magHMt, 

UK 

aW. 

  HalnlaDaDca.  owdlUcatldQ.  etc..  eMcapt  tool  and  cryatal  (aea  CK. 

TX). 

UL 

, ....     Baroioetar.  fasvromatar.  tbarmomalar.  acalei.  etc. 

MT 

.....    Moustiaga.  racka.  framei.  etaod*.  etc. 

IOC 

  CttalpnaQlaDtotlMriviaacUaalflad.  hiohMle*  aubaaaambUee.  Do 

not  ua«  it  batter  IwUcetor  ta  available . 
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Figure  45.  Nomenclature  System  (Contd) 


COMPONENT                                                                                      tXAMPLKB  Of  VBt 
INDICATOR  flami>flMiHtedic>tDtL  


MU         MamoryuiUU   ^  *   Mi«nory  UAlta. 

O  OaalUator*   \   MuUr  Cr*<|ki4ii«y*  bkckinf,  multlvtbrator*,       Itor  Uit 

OA  Operative  u*«tnbU**  *   A*Mmb|y  «l  op«r*tlQi  u^lU  wt  dth«riflM  oovmd.  UMd  wilb 

or  p«H  ol  <HM  Mt  or  Mt  Mrl««HP 

OC         Oc*«iiofripbl«  d«vl««t  « . . . .    Bi1^xtb«tm«fraph«,  •to. 

06  0*clllo*ccrp«i  ta*i  ...^   TMt  «i«illM0O|M*  for  |«B«r*l  ta*t  pup^***' 

PD         Prim*  drlv«rtt  *   CuoUim  tnilMa,  •l*«tr to  motor*.  DIm«1  motoro, 

PlHinO,  polo    Cobta  huiifr,  Otai^^  protooioro,  «te, 

PQ  PIgoon  arUcloo    CoqUImt,  lotl,  vmU  oio., 

PH         PbotofTaphlo  ftTUcloo  ^.^    C«n«ro.  proUoior,  oMlloniotar. 

PP         Power  ouppUoo  ,  ^   Noorotatloi  it)*ohlM  Qrpo  «u«h  u  vtbraior  pKk,  rMllClor,  Cb«r- 

dio«t««trJtf,  •to, 

PT         PlotUnf  vqulpmrata    Bwofrt  m#t«orol«vl«^*  Sovdo,  ntiM,  plotUof  UbU.  olc, 

PU         Powor  oquJPmMita  *  j  ^  m  *  ^   iUtetlog  powor  oquipnont  oMOOpl  dynamoloroj  motor <tfft*rotor, 

olc. 

R  lUeolvoro   lto«*tv«n,  •!!  typoo  onoopt  taUpbooo, 

rC         RmIo   lUolooblo  ImRD, 

RD  R#cordor-r«produoflro   Souod,  ftaphlo,  tap*,  wlro,  QUn.  dloe,  (Moloilto,  oupMtto, 

piochaoio*!,  olo* 

RC         RoUr  ooMmblloo    Et««trJool  otoatro«lo,  olc. 

RF         Rodlo  froqufncy  compoMot   Cofopoolta  oompoooot  ol  BF  circulta*  Do  M>t  u*«  if  botUr  lodl- 

color  li  ovftlltbli* 

RG  Ctbl«o«  RF,  BttUt   RPctblo.  wovofuldoo,  trtfimloolon  Uiboo,  oio, ,  trtOwmt  torml- 

OAliHi 

RL  HOollnf  moohlMO    UvchuiUino  tor  dlopooolng  ud  rtwUdLnf  ontoou  or  floUt  irtro, 

rocordl^  wt»  or  tap*,  «tc* 

HQ         R«c«rdoro    StMidd,  frophio,  tapo,  wtra,  ain,  dtoc«  fiicilttlli,  mocnotic* 

owdKiU^al,  olo, 

jtp         R«pnKhie«ro   ttDund«  |t«pfaic,  tatw,  wire,  nim*  dUo,  CacilttJio,  mofbotiOHP 


HR         B^riMtoro   T«nf*t,  ooohioloa,  ote,  Eneopi  natonAa  roflocloro  1tMAT>, 

R«c<lv«r  lod  tr«ooinlttor  » »  Rodlo'vod  rodftr  trtoocotvoro,  compoolta  triponilttor  ud  ro* 

col«or* 

S  Sholtaro   Hou«o,  tosU  proloctlv*  obottor,  olc, 

3A  Swltchlnc  d«vtcoo   V«iktt*L  ImpftCt,  motor  drtvm,  prooouro  oporotod,  olc, 

SB  Swftchboordo  M»*  Tilopbdao*  Uro coafroL  powtr,  puel,  ate, 

3C  OfHioroloro,  olfntf   Toot  oMMlUtoro,  soloo  gMkBr«toroj  aIc^  iMoO), 

SM         SimoUloro   Pltlbt  alrctoft,  ttrfot,  olfaal,  otc^ 

art         Srocbroolioro    EtpUpoMnt  to  ooordUuita  two  or  mor*  AtaoUou, 

3T         Stropo    Haroooo,  otnpa,  oie, 

3U  OpUcpldovlco    ToioacopOA,  porlooopoo,  pToJootor*,  imI  bor««lflrtlttf  ocopoo, 

T  Trwwlttero   J   Ttuamlttoro,  oil  trpM.  onopt  talvphooo^ 

Ta  Tilopbono  oppor«Bu4   Vtocottuoouo  taloptwoo  •qtilpmMit/ 

TB         Towwt  body    ToMd  oKlonnitor  body  or  fUb^  ptrovoM, 

TC         Towwf  c«faio . .  ■   ArtJcvJotod  lovtBf  otoirt«  tklrod  cobto,  otc, 

TD  Tlminf  d«vlo«o   Itochaoical  Md  olocteMo  tminf  dovtcoo,  rtoio  4ovto«,  xcmm* 

Plowra*  olo«troalo  t^Mot  olc* 

TF  Ttoutormoio   Tttfoformro  «lkoa  tttod  u  Mporuo  ttoma* 

TG         Poottloding  d«vtcoo    TiUiod/or  train  oaoooftbuoo, 

TH         TilocroPt^  «pp«r«iu«   llJoeolUftoou*  tolofropk  opptrobM. 

TK         Tool  klta   VUotlUooouo  loot  «oMmbll««, 

TL         Tbolo  ^   All  typo*  oxeopi  Uoo  oooatmctlM  <ooo  LC), 

Tl^  TiiDloc  uDita   BoMlfor*  tt-oDsniltlor*  uitavui,  tutlof  onlta,  otc, 

TK         Troaodiio«ro    VigMtfo  bottdo,  ptaoplciaipo,  oooof  frmduoora,  tlbrotioa 

ptddipo,  «te,  tSt  «od  M>' 

T9  Toot  ttamo    T*«t  Md  MaaorlBi  oqulpiMBit  oot  otborwloo  lacludod;  bor»- 

olf^Uaf  tfd  i^r™****  otftitpttMiOL 

TT  Tolotypvwrltar  lod  bcoimJlo  tpporotua   VJaootloDOouo  Upo,  tal«tTP*»  bcoto^tlo  oqufprnoot  «to. 

TV         Tootar,  bibo   A   ttoctroaJo  btbo  toawr* 

Tapoo  atkd  roeordlQC  wlroo   Rocordlof  tap*  aod  wfro,  apllciflf,  oloctrical  lajialatlof  tapo, 
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Figure  45*  Nomenclature  Syitem  (Contd) 


CQUFOHKKT 
DdXCATOni 


w 

V 

v$ 

WD 


EXAMPUi  OP  mi 

PAUtY  HAHI  ^  It  b<  totttthMd  u  Umlttt|  *•  H^^Mtkm  U I 

>  md  powvr   tlUonii  pbifti  iufciU*  Adif«*r«i  9^* 

<t  HP   Mdfltf  pliflit  MMif  dnlu  MpUifi,  idiplmi  •Itw 

  C«rti,  *iniM,  mukii  MUn,  «4o, 

•imto BQMk«i»r   KooRPvtM,  «tbii«tt4Mi^iab<lli  u*«iun. 

r  Mwurtaca  0,  L,  Jt,  or  PP,  «te. 


COMMONLY 

COMMONLY 

HAHC 

CAPITAL 

SMALL 

USEDTDDEaiOMATiel 

NAME  CAPtTAt 

SHALL 

USED  TO  D£StQK\T£^ 

ftlplM  

A 

a 

Aug Im,  co«tflei«mtii  ittAn- 

Uunfada** 

A 

PvniMaiica  (capital)  wav«- 
laagth  attaouAtloQ  can* 
atant 

b*t«  

B 

Aug  Im*  co«1Ilcl«at«>  pbAM 

mtt  — • — 

H 

!« 

Patrmaiblliqri  ampUflcatioii 
Uctor.  praflx  micro* 

f  ftmin*  - 

r 

Comptex  propAC^ttoo  ooa- 

M 

if 

RatuctlYiQr.  fraqueftcy* 

fttui  icapitaD,  *p*clflc 

id  "  • 

£ 

Coordlaatea> 

fTATtOTi  ■«ct«>*  «tecUt« 

omleroft- 

0 

0 

coD^ctiviqr.  prof»n- 
tloa  cQikifUBL 

pl  

Tbo  

n 
p 

RaataUvtqr.  voluma  charfc 

<ktt«  — 

locrvniMit  or  d«crim«nt 

daikalQTi  coordlttataa. 

(capital  otr  aoulp. 

X 

# 

Summatlcs  (capital),  w* 

tara&lBaat  (c«f)lUD,  par- 

|kca*cbargtt^nBltr.  com- 

roimviqr  (capital),  da4* 

pl«x  propattOoa  coD- 

•  19.  a«fl«a. 

ataoit  aUetrlcal  conduc- 

«P«11mi  - 

£ 

OlaUctTie  cooataiit.  parmlt- 

dvtqr.  laakaf*  coafticlaat. 

xiyttft  baMolnatiral 

tan 

T 

Tima  coDataiaC  voluma  re- 

lAorittaMi  alMtnc  la- 

alatlvtqr.  tJiM-phaaa  dia- 

< 

t*ttaU9. 

ptaoamaat  CraoaulaalMi- 

i«t«  

Z 

Coordlaataa,  co«01ci#ttt«^ 

tBClor  daoalQr. 

•U  ~- 

H 

lQlrloal«  Impadaocv,  aCQc- 

opalloa-* 

Jinc7,  aurftea-charfv 

pU  

Scalar  potMtiai  <capic«D. 

dattalOTi  hrtXTMta.  co- 

mACnaUc  flux,  aaf  laa* 

e 

oHlnatM, 

chl  ~— 

X 

EUctrlc  auacapUUHqr. 

$ 

Aoflutar  p6aa«  dlaplac«- 

aaflaa. 

uMftt*  tin*  oooalutv  r*- 

pal  

V 

Diabetarte  Dux,  plu«a  dlf- 

hkCtMca.  a«f  t«c« 

t«r«D««.  ooordlttaUa, 
wctaa« 

brta— * 

I 

t 

Unit  Ttctor. 

oiik«f  a  *- 

a 

RMSatatte«  la  ohma  {capi* 

X 

awc«ptlbltU9.  coupllaf  co- 
afOclratt 

aoUtfiacia  (capl- 
taQ,  aafatar  vilociqr* 

'Small  latttr  la  UMd  wbm  evittH  la  Utdlcttad. 

Figure  46.  Greek  Alphabet 
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ICAO  FBCMimC 


pnommciAiiCH 


c 

tk 
V 

V 
am 

m 

W  i 

Fovtm 

Pohrt*tro4 

A 
U 

uou 

It 

111  J  - 1 

iitall 

1 

fiufl* 

ta-ila  J  -  ah 

J 

w 

4  vw  *  in  *«n 

V 

I^Uw 

V 

• 

o 

m  

T 

U 

V 

Victor 

Vlk-Ub 

w 

X 

■dw*nqr 

Y 

YukM 

z 

Figure  47.  Phonetic  Alphabet 
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raw  AMY 


rniMAHV 


1   


VOLTMB 


WW  


no,  I 


LATg.YtLLOW 


ntAMCHT 
ntAMTNT 


3  tf^? 


Figure  46*  Power  Transformer  Color  Code 


 UL 


irraoDiB 


Figure  49*  Intermediate-Frequency  Tranaformer  Color  Code 


fLATC 


r 


MOVtm  COtL 


PUkT*- 


anOLt  PLATV  TO  MNOLX 


oruovtNo  coo^ 


I'  BLACK  Q>n> 

;  QKuw 


ANOU  fLATtTO 

pmi*Ftnx  OUD3 


fLATS* 


or 


_BLB1_ 


FW*F1ILL  n*ATZ3  TO 


  TO 


Figure  SO*  Audio- Frequency  Transformer  Color  Code 
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BASIC  LAWS  AND  COMMON  IDENTmiSS  OF  BOOLEAN  ALGEBRA 


Identity; 

A  i«  Al  A  «  A 

Commutattve; 

AB  m  BA;  A  4-  B  «  B  4-  A 

AafloctattTe; 

A(BC)  m 

ABC;  A  +  (B+C)«<Af  B  4- C 

Idempotent; 

AA  m  A; 

A^  ^  A^  A  A^ 

Double  NdgsitlTe; 

A  «  A 

Complenientairy: 

AA»0; 

A  +  A  a  1 

Intereection; 

A*  1  « 

A;  A  •  0  <•  0 

Tirtf  AM  ' 

uniyu* 

A  +  1  » 

1;  A  +  0«  A 

De  Morgan: 

AB  «  A 

+  B;  TTb  »  AB 

Distributive: 

A(B^) 

=  AB  +  AC;  A  +  BC  »  (A+B)(A+C) 

Absorption: 

A{A+B) 

=  A  +  AB  =  A 

Common  Identities: 

A(A+B) 

rAB;A4-ABsA  +  B 
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Chaptor  1 


SAFETY  AND  FIRST  AID 


First  and  foremoBt  In  the  atudy  of 
electronics  Is  an  area>vhtchconcerna<>vQry- 
one^  safety  and  first  aid*  Personnel  >vorking 
around  and  with  electrical  and  electronic 
equipment  must  be  constantly  aware  of  safety 
and  first  aid  procedures*  Future  electronic 
technicians  should  be  familiar  with  major 
causes  of  accidents^  hazards,  and  pre^ 
cautions  related  to  electronic  circuits,  first 
aid  for  electrical  shock  victims,  and 
identification  and  control  of  various  types 
of  fires. 

1^2.  Accident  Causes 

1-3.  Two  areas  of  serious  concern  involving 
an  accident  are  CAUSE  and  EFFECT.  Effect 
is  the  reason  the  Air  Force  is  concerned. 
Accidents  result  in  the  loss,  damage,  or 
destruction  of  property,  as  >veU  sis  injury 
and  death  to  personnel.  Due  to  the  costly 
factors  which  accompany  accidents,  the  Air 
Force  Is  constantly  searching  for  methods 
to  improve  safety  procedures, 

1-4.  Causes  of  accidents  also  give  the  Air 
Force  concern.  Fortunately,  there  are  many 
statistics  which  show  that  9^  of  all  accidents 
are  avoidable.  Amazing^  but  true!  With  such 
a  wide  area  in  which  improvement  can  be 
made,  it  is  reasonable  that  everyone  can 
contribute  something  toward  reducing 
accidents.  Major  causes  are  unsafe  acts 
due  to  human  error  and  material  failure. 

1-5.  The  unsafe  acts  of  individuals  cause 
88%  of  all  accidents.  Material  failure  accounts 
for  10%,  Although  unsafe  acts  of  personnel 
are  of  great  concern,  the  Air  Force  must 
concentrate  on  ALL  accident  causes, 

1-6.  Human  error  may  take  the  form  of 
inattentlveness,  excitability,  impatience, 
carelessness^  and  even  ignorance.  Watch 
anyone  who  seems  to  be  ^^accident  prone." 
One  or  more  of  these  undesirable 
characteristics  will  be  present  in  hisevery-^ 
day  behavior.  Such  individuals  are  a  hazard 
to  the  personnel  with  whom  they  work  and 
associate. 


U7*  Accidents  caused  by  material  failure 
are  usually  difficult  to  anticipate.  These 
accidents  are  caused  primarily  by  equipment 
that  has  flaws,  undetected  during  inspections. 
Included  are  screwdrivers  with  broken  or 
cracked  handles,  meters  with  int«rnal  shorts, 
rubber  gloves  with  small  holes,  stepladders 
with  cracked  rungs,  and  all  other  tools  that 
are  not  in  servicable  condition.  Careful 
inspections,  conducted  frequently >  will  reduce 
the  number  of  accidents  caused  by  faulty 
equipment. 


1.8.  Electrical  Hazards 

l.fi.  The  dangers  of  electricity  canbe  avoided 
by  the  use  of  common  sense,  safety 
precautions,  and  knowle<lge.  High  voltages 
cause  electrical  shock  and  high  currents 
cause  burning.  Voltage  and  current  are 
inseparable  in  electrical  hazards. 

1-10,  High  voltages  are  present  in  most 
electronic  equipment.  It  is  imperative  that 
all  personnel  know  and  understand  the  safety 
procedures  established  for  each  type  of 
equipment.  Most  high  voltage  equipment  is 
turned  off  when  maintenance  is  being 
performed.  Turning  on  the  equipment  during 
such  maintenance  could  be  disastrous.  All 
types  of  Air  Force  equipment  have  built-^in 
safety  devices,  but  they  are  not  a  guarantee 
against  careless  or  thoughtless  individuals. 

Nil,  All  electronic  equipments  have  fiises, 
either  within  the  device  itself  or  in  the 
wiring  leading  to  the  device.  A  fuse  is  a 
current-^  sensitive  element  which  opens  (and 
stops  current)  whenever  excessive  current 
is  drawn.  The  size  and  type  of  fuse  is 
based  on  the  amount  of  current  (in  amperes) 
that  the  circuit  can  safely  handle,  A  blown 
fuse  is  not  a  fault.  The  trouble  that  caused 
it  to  blow  must  be  located  and  corrected. 
Never  replace  a  blown  fuse  with  anything 
but  a  fuse  of  the  correct  voltage  and  current 
rating. 
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Figure  1.1 


1^12*  Unfortunately,  the  (use  that  will  protect 
the  equipment  will  not  necessarily  protect 
those  )Vho  are  operating  the  equipment. 
For  example*  the  size  o(  the  house  (use  is 
determined  by  the  size  ot  the  wires  leading 
to  the  wall  socket*  and  NOT  by  what  Is 
to  be  plugged  into  the  socKet.  A  very 
small  amount  o(  current  passing  through  the 
chest  can  cause  death,  yet  this  same  amount 
o(  current  would  NOT  blow  tbe  (use.  The 
point  is,  a  fuse  will  not  protect  human  life. 

1-13.  What  is  the  smallest  amount  of 
electrical  current  required  to  electrocute  a 
person?  No  medical  authority  will  state  a 
definite  amount  because  ot  the  many  (actors 
Involved,  The  lethal  amount  depends  upon 
the  PERSON  INVOLVED  AND  HIS  STATE 
OF  HEALTH,  AREA  OF  THE  BODY 
INVOLVED,  LENGTH  OF  TIME  THE  SHOCK 
IS  RECEIVED,  and  TYPE  OF  ELECTRICAL 
CURRENT, 

1*14,  Physically  severe  electrical  shock 
will  have  two  main  types  o(  effects:  burning 
and  paralysis.  Either  can  range  (rom  minor, 
temporary  damage  to  (atal  injury. 

1-15,  Even  people  in  excellent  health  may 
be  severely  af(ected  by  minor  electrical 
shock.  Some  people  respond  by  going  into 
psychological  shock.  This  is  the  same  thing 
suffered  after  a  narrow  escape  (rom  a  traffic 
accident  or  a  severe  fright. 

1-16.  The  next  three  important  (actors  are 
interrelated  andmustbe  considered  together: 
What  part  o(  tbe  body  is  involved,  the  amount 
o(  electrical  current,  and  how  long  the 
shock  is  received* 


1-17*  Suppoao^  (or  example^  a  shock  is 
received  (rom  the  little  (Inger  to  the  olbow* 
The  electrical  current  will  pass  through 
the  (orearm.  When  the  current  is  low,  an 
unpleasant  tingle  is  (elt.  At  ahlghercurrent« 
burns  wUi  be  received  on  the  (Inger  and  the 
elbow  where  the  current  enters  and  leaves* 
Also,  internal  bums  within  the  arm  will 
cause  tissue  and  nerve  damage  that  may 
be  permanent  The  higher  the  current,  the 
more  the  damagel  A  shock  o(  this  type  does 
not  usually  last  too  long  because  the  muscles 
in  the  arm  will  contract  and  break  the 
current  path*  This  muscular  contraction 
can  be  help(ul  or  it  can  cause  more  harm* 
Contraction  o(  the  (ingers  can  lock  the 
hand  to  a  wire  instead  o(  pulling  it  away. 
See  figure  1-1. 

1-16,  Contraction  o(  the  arm  muscles  can 
cause  injury  with  tools  held  in  the  hand. 
Any  tool  can  become  a  deadly  weapon  as  a 
result  of  an  otherwise  minor  shock*  Keep 
hands  (ree  o(  extra  tools  when  checking 
equipment.  Contraction  of  leg  or  other  body 
muscles  may  cause  an  accidental  (all, 

1-19,  Injury  received  (rom  an  electrical 
shock  could  range  (rom  minor  to  (atal, 
depending  on  the  part  o(  the  body  involved, 
even  though  the  amount  o(  current  is  the 
same, 

1-20,  The  most  severe  shocks  are  those 
that  involve  the  brain  or  vital  organs  in 
the  chest  and  abdominal  areas.  The  brain 
is  shielded  to  some  extent  by  the  skull 
but  the  chest  and  abdominal  areas  are 
relatively  unprotected.  To  limit  the  body 
area  involved,  be  a  one-armed  technician. 
Do  not  use  both  hands  unless  absolutely 
necessary.  A  man  using  both  hands  provides 
a  path  (or  electrical  current  through  the  vital 
chest  area. 

1-21.  Fatal  shocks  usually  involve  paralysis. 
The  brain's  messages  can  be  disrupted  so 
that  breathing  or  heart  action  becomes 
disorganized  or  stopped.  Sometimes  the 
heart  is  still  operating  but  instead  o(  a 
steady,  rhythmic  beat,  the  heart  flutters 
with  a-series  of  uncoordinated*  rapid,  weak 
pulsations.  This  is  called  "ventricular 
(ibrillation"  and  is  (atal  if  it  continues  (or 
any  appreciable  length  ot  time. 
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1-22.  The  key  points  are  as  follows: 

CURRENT  -  Electrical  current  can  kill. 
The  more  the  current^  the  more  the 
injury  and  the  greater  chance  ol  death* 

AREA  *  The  more  Of  the  body  involvedi  the 
greater  the  injury.  If  the  area  involved 
contains  vital  organs,  the  chance  of  death 
is  much  greater. 

TIME  The  longer  the  shock  is  received^ 
the  greater  the  injury  and  the  higher  the 
chance  of  death* 

TURN  THE  POWER  OFF  -  Never  work  on 
a  "tiot^^  circuit  unless  absolutely 
necessary. 

DON'T  EXPERIMENT  •  Don't  touch  a  ivire 
with  the  fingers  to  see  what  will  bajqien. 
Remember^  electricity  is  invisible.  '  A 
bare  wire  may  be  a  high  voltage  wire. 
To  find  out,  check  with  a  meter  and  not 
the  fingers. 

DO  NOT  WEAR  METALLIC  JEWELRY^ 
WATCHES,  RINGS,  ID  BRACELETS,  etc., 
while  working  on  equipment. 

1-23.  No  <iualifled  technician  will  come  in 
out  of  the  rain  and  start  working  on  electrical 
equipment,  but  people  will  do  essentially  the 
same  thing  while  they  arebotandperspiring. 
Perspiration  is  a  good  conductor  of  electricity 
and  spreads  the  shock  over  the  eoUre  body 
surface.  Keep  the  body  as  dry  as  possible, 
and  never  stand  in  water  or  on  a  damp 
surface  when  working  with  electrical 
equipment. 

1-24.  Remember  these  important  points. 
When  working  on  equipment,  TURN  OFF 
THE  POWER.  Know  the  equipment.  Keep  the 
body  ci  metal  tools  from  coming  into  contact 
with  electrical  current  sources.  Make  certain 
that  all  equipment  is  properly  wired  and 
grounded. 

1-25.  First  Aid  for  Electrical  Shock  Victims 

1-26.  When  a  person  comes  in  contact  with 
a  wire  carrying  electricity,  many  things 


can  happen' and  those  depend  primarily  on 
the  amount  of  electricity  involved*  Some«< 
times  victims  are  ^'frozen^^  to  the  wlreSi 
or  they  may  be  knocked  off  their  feet. 
If  the  electrical  current  is  high  and  the 
victim  is  In  a  position  to  provide  a  good 
path  for  the  current,  the  results  are  usually 
dlsasterous.  The  victim  may  be  burned  over 
large  parts  of  his  body.  Such  victims  must 
receive  artificial  respiration  immediately 
If  they  are  to  be  saved.  , 

1*27.  The  electricity  in  normal  tabletop 
radios  can  be  deadly  under  certain 
circumstances.  People  are  killed  by  radios 
whUe  they  are  taking  a  bath.  The  metal 
tubandwaterpipesprovidea  good  electrical-, 
current  path  that  can  make  household 
electricity  deadly. 

1-28.  When  someone  does  come  in  contact 
with  a  "hot'*  wire,  TURN  OFF  THE  POWER 
as  quickly  as  possible.  If  the  awltch  is 
not  handy,  DON'T  WASTE  TIMEl  Remove 
the  victim  from  the  electrical  source  by 
using  a  dry  wooden  pole,  dry  clothing,  a 
rope,  a  belt,  or  any  other  material  that 
will  not  carry  electricity.  If  clothing,. n^e, 
or  a  cord  is  used,  make  it  into  a  loop  and 
put  it  over  a  foot,  leg,  or  arm  to  drag 
the  victim  off  the  electrical  source.  Be 
careful  not  to  touch  the  victim,  or  you  will 
also  become  a  victim. 

1-29.  Severe  electrical  shockusually  causes 
the  victim  to  stop  breathing.  Artificial 
respiration  must  be  started  as  soon  as 
the  victim  is  free      the  electrical  source. 

U30.  ArUficial  Respiration 

1-31.  The  success  of  artificial  respiration 
is  often  dependent  on  bow  soon  it  is  started. 
DON^T  WASTE  TIME  moving  the  victim  to 
an  ideal  location  and  DON^T  WAIT  for 
mechanical  equipment. 

1-32.  There  are  four  methods  artificial 
respiration: 

a.  Prone  pressure. 

b.  Backpressure,  arm  lift. 

c.  Backpressure,  hip  lift. 

d.  Mouth  to  mouth. 
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Figure  1-2 

1-33.  It  haa  been  proven  that  mouth.tO' 
mouth  resuscitation  Is  far  better  than  the 
other  three  methods.  To  begin,  place  the 
victim  on  his  back  and  use  your  fingers  to 
clean  his  mouth  and  throat  of  any  foreign 
matter  and  make  certain  he  hasn't  swallovred 
his  tongue. 

1^34*  Next,  tilt  his  head  backward  so  that  he 
Is  in  a  sword- swallowing  position*  See  figure 
1-2.  This  will  Insure  that  hlg  neck  Is  not 
kinked  and  that  there  Is  a  clear  passage 
into  his  lungs* 

1-35*  Approach  the  victim's  headpreferably 
from  his  left  aide  and  hold  his  low  law 
up  by  putting  your  fingers  under  his  chin 
and  your  thumb  on  bis  lower  teeth*  Then 
pull  on  his  Jaw  until  his  lower  teeth  are 
further  forward  than  his  upper  teeth. 

1*36.  Next,  use  your  right  hand  to  close  the 
victim's  nose.  Take  a  deep  breath  and  cover 
the  victim's  OP^n  mouth  with  your  own,  to 
form  an  airtight  seal  (figure  1-3).  Blow 
rapidly  until  the  victim's  chest  rises.  (This 
should  be  done  forcibly  with  adults  but 
gently  with  children.)  After  his  chest  rlses» 
remove  your  mouth  from  the  victim  and 
allow  him  to  exhale  by  himself. 

1-37.  This  action  should  be  repeated  12  to 
20  times  a  minute.  You  will  find  that  you 
are  breathing  faster  than  usual  in  order 
to  get  enough  air  for  yourself.  Actually 
humans  use  only  about  25  percent  of  the 
oxygen  they  inhale,  so  the  victim  Is  getting 
all  he  heeda.  Continue  rhythmically  without 
interruption  until  the  victim  either  starts 
breathing  or  is  pronounced  beyond  all  help 
by  a  doctor. 


Figure  1-3 

1<38.  Bleeding 

1-30.  Any  cut  Or  wound  that  is  severe  enough 
to  bleed  requires  attention.  Depending  on 
the  severity,  the  required  first  aid  may 
range  from  a  band-aid  to  a  tourniquet. 
Anyone  who  Is  bleeding  badly  Is  completely 
dependent  on  those  around  hini  to  save  his 
Ufe.  In  such  an  event*  there  are  two  things 
which  must  be  done  quickly:  stop  the  bleeding 
and  prevent  i^ock.  Many  people  have  died 
of  shock  from  wounds  that  vere  not  other- 
wise serious  enough  to  cause  death. 

1-40.  Bleeding  wounds  can  be  put  Into  two 
broad  categories:  those  which  Involve  an 
artery,  and  those  which  do  not*  If  am  artery 
has  not  been  damaged,  use  a  medical  dressing 
or  other  clean  cloth  and  apply  pressure 
directiy  cxi  the  wound.  The  pressure  will 
reduce  the  amount  of  blood  flowing  from 
the  wound  and  will  also  aid  coagulation.  If 
the  wound  Is  In  an  arm  or  leg*  and  a  broken 
bone  Is  not  involved,  raise  the  limb.  This 
will  decrease  the  flow  of  blood. 

1-41.  If  an  artery  has  been  cut,  the  blood 
will  gush  In  spurts  ^ivith  each  beat  of  the 
victim's  heart.  This  type  of  wound  Is  naturally 
much  more  serious,  and  prompt  attentic^ 
Is  required.  The  flow  of  blood  into  the 
area  must  be  drastically  reduced  or  shut 
off  completely.  Thebestway  to  do  this  Is 
to  use  medical  dressings  and  apply  pressure 
directiy  to  the  wound.  If  the  wound  is  on 
the  limbs  and  pressure  does  not  reduce  or 
shut  off  the  flow  of  blood,  apply  a  tourniquet 
between  the  wound  and  the  heart.  Once 
appUed,  A  tourniquet  should  be  left  in  place 
until  removed  by  a  medical  officer. 
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L^42*  Sonio  wounda  eeem  to  bLe«d  despite 
anything  that  is  tried.  In  this  caflo^  the 
person  applying  the  first  aid  ahouLd  know 
hovr  to  Locate  the  alx  pressure  points  vrtiich 
are  on  each  side  of  the  body.  These  points 
are  shown  in  figure  L-4.  Pressure  that  is 
properLy  applied  at  these  points  wlLL 
adequately  shut  off  thb  blood  source  to 
the  affected  part  of  the  body. 


The  pressure  points  in  the  groin  and 
neck  are  particularly  Important.  If  the  wound 
is  too  high  to  apply  a  tournlqyet  on  the 
leg,  use  the  pressure  point  in  the  groin. 
Use  a  neck  pressure  point  only  as  a  last 
resort,  when  other  methods  of  stopping  the 
bleeding  have  failed.  Do  not  apply  pressure 
to  both  neck  points  at  the  same  time. 


1*44.  Shock  was  previously  mentioned  in  this 
lesson,  and  it  was  stated  that  precautionary 
measures  against  it  must  be  taken  QMlckly 
after  an  accident.  There  are  maiv  symptoms 
which  Indicate  a  person  is  in  a  state  of 
shock.  He  wlU  be  pale  and  wet  with  sweat, 
have  a  rapid  but  weak  pulse,  and  he  may 
be  thirsty,  gasp  for  air,  and  be  faint 


1-45.  To  prevent  or  treat  shocks  begin  by 
making  the  patient  as  comfortable  as  you 
can.  Act  as  calmly  as  possible,  and  reassure 
him  that  he  wtU  be  ail  right.  Remove  any 
bulky  items  be  may  have  been  carrying  and 
loosen  his  belt  and  clothes.  Handle  him  as 
gently  as  possible  and  donH  move  him 
unless  it's  necessary.  Use  anything  available 
to  keep  Mm  warm.  ^  he  gets  cold*  it  wtU 
increase  the  degree  of  shock.  If  he  is 
unconsciousi  place  him  flat  on  his  stomach 
with  his  face  to  one  side.  This  ^iU  keep 
him  from  choking  should  he  vomit. 


1*46.  If  the  wounded  man  is  consctousi  give 
him  warm  cc^Si  tea,  or  cocoa,  but  no 
alcohol.  If  oxygen  is  available,  give  it  to 
him  as  this  wlU  help  revive  him.  The 
most  important  thing  to  remember  is  to 
TREAT  FOR  9H0CK  EVEH THOUGH THS RE 
ARE  NO  APPARENT  SYMPTOMS- 


Figure  1-4 


U47.  The  third  important  step  to  follow, 
when  confronted  with  an  accident  victim  who 
is  bleedings  is  to  keep  the  wound  as  clean 
as  possible.  A  dressing  will  protect  the 
wound  from  germs,  dirt^  and  further  injury. 
Keep  your  hands  off  the  wound  when  you 
put  on  the  dressing,  and  don't  touch  the 
side  of  the  dressing  that  is  put  against 
the  wound.  Cut  or  tear  clothing  away  from 
the  area  that  is  injured. 

U46.  Treatment  of  Burns 

1-40.  First-aid  treatment  of  those  persons 
with  severe  burns  is  complicated  by  the  fact 
that  they  Invariably  lapse  into  a  state  of 
shock.  In  addition,  the  first-line  defense 
against  infection,  the  skin,  is  sometimes 
burned  away.  Burns  are  a  further  cause  for 
frustration  because  they  are  always 
accompanied  by  extreme  pain.  It  is  therefore 
obvious  that  three  things  must  be  done  as 
quickly  as  possible  for  burn  victims: 

a.  Protect  them  against  shock. 

b.  Protect  them  against  Infection. 

c.  Make  them  as  comfortable  as  possible. 
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l-60»  Treatment  for  shock  vtM  covered 
prevloujsAy^  ao  let's  concentrateonprotectlon 
against  Infection*  Unless  morphine  Is 
available,  there  is  very  little  you  can  do 
to  malce  him  comfortable  other  than  to  move 
him  gently  Into  a  more  comfortable  position. 
The  prime  thing  to  rememtwr  is  to  keep 
the  burn  from  becoming  Infected  by  dirt 
or  other  foreign  substances.  The  first  thing 
to  do  Is  cut  or  tear  the  clothing  away  from 
the  burn»  but  Ao  not  attempt  to  remove 
any  cloth  that  may  be  stuck  to  the  Injured 
area.  If  sterile  gaxuse  or  bandage  Is  available^ 
cover  the  burn  area  as  gently  as  possible. 
If  there  Is  little  danger  of  dirt  or  other 
harmful  foreign  substances  getting  Into  the 
tnnrn,   cover  the  area  with  a  clean  cloth* 


1-51,  Never  put  grease,  butter,  or  ointment 
On  a  severe  burn^  as  they  will  have  to  be 
painfully  removed  later  the  medtca. 
Ointments^  salves»  and  lotions  do  wonders 
for  first-degree  burna>  Uke  sunburnSi  but 
they  only  complicate  second-  and  thirds 
degree  burns*  Burns  are  treated  best  by 
complete  exposure  to  the  alr»  but  this  can 
be  done  only  In  a  controlled  atmosphere 
such  as  In  a  hospital. 


1-52.  An  electrical  tnirn  from  a  low  voltage 
source  usually  covers  only  a  small  area  of 
the  skin,  and  can  generally  be  easily 
recognized*  Flrst-ald  treatment  will  consist 
of  covering  the  burn  with  a  bandage,  A 
band-ald  will  usually  be  enough  to  protect 
It  from  Infection.  There  Is  no  first-aid 
treatment  for  Internal  tissue  damage. 
Internal  injuries  of  this  type  will  usually 
be  cured  through  the  normal  healing  qualities 
of  the  t)Ody* 


1-53*  Chemical  burns  are  not  usually  as 
crippling  as  burns  from  fire  or  electrical 
sources*  This  Is  true  only  If  first-aid  Is 
promptly  given,  Flrst-ald  consists  of  washing 
the  affected  area  vigorously  with  soap  and 
plenty  of  water.  If  harmful  chemicals  should 
get  in  someone's  eyeSi  they  shouldbe  flushed 
Out  Immediately  with  a  stream  of  water  from 
any  available  source* 


1-B4.  Fire  Protection  and  Prevention 

1-65*  The  best  fire  protection  program 
consists  of  adequate  prevention*  It's  as 
simple  as  that* 


U66.  Good  housekeeping  is  the  first  line 
of  defense  In  a  well^organlzed  fire  prevention 
program.  Accumulations  of  rubbish,  waste, 
and  trash  are  all  prime  sources  of  fire* 
In  addition,  concentrations  of  flammable  or 
explosive  gases  andvapors  are  other  sources 
of  dangerous  and  destructive  fire,  all  Of 
which  are  preventable. 


Fires  are  divided  Into  three  basic 
groups  as  an  aid  to  firefighters  in  selecting 
the  correct  procedure  to  follow  in  the  event 
of  a  fire. 


CLASS  A  -  These  are  usually  wood,  paper> 
or  rag  fires.  This  type  of  fire  can  be 
effectively  tnrought  under  control  by  water, 
through  its  cooling  and  quenching  effect. 


CLASS  B  •  These  are  fires  which  are 
fed  by  gasoline  and  other  fuels,  solvents, 
and  greases.  These  fires  have  to  be  smothered 
if  they  are  to  be  controlled.  The  only 
effective  way  to  fight  them  is  to  eliminate 
the  air     blanketing  the  flames* 


CLASS  C  -  This  type  of  tire  occurs  In 
electrical  equipment  and  presents  an 
additional  hazard  to  firefighters.  If  a 
conducting  agent,  such  as  water  is  used,  the 
electricity  will  travel  through  it  and  shock 
the  person  who  is  trying  to  extinguish  the 
blaze.  Therefore,  the  extinguishing  agents 
must  be  nonconductors  which  rely  principally 
On  a  smothering  action. 

1-58.  Presently  in  use  are  eight  different 
types  of  extinguishers  that  range,  from  a 
simple  water  bucket  to  the  more  complicated 
foam-dispensing  type«  The  types  of  fire 
extinguishers  and  the  classesoffires against 
which  they  are  used  are  as  follows: 
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TYPE  OF  EXTINGUISHER 

CLASS  OF  FIRE 

Wat6r  bucket 

A 

Water  tank  with  hand  pump 

A 

Antifreeze  (Calcium  cholorlcte  or  potassium  carbonate  and  other  salts) 

A 

Soda  acid  (Sodium  bicarbonate) 

A 

Loaded  stream  (Fire  hose) 

A 

Chemical  reaction  foam  (Carbonic  acid) 

A  and  B 

Vaporizing  liquid  (Chlorobromethane) 

B  and  c 

COj  (Carbon  dioxide) 

B  and  C 

erJc 


Chapter  2 


ELECTHONIC  MATHEMATICS 


2^1.  This  chapter  reviews  the  ruleeofalened 
numbers^  dlscuaaea  powers  of  10»  and 
explains  how  to  convert  any  number  to  the 
standard  power  of  10  notation.  Next>  It 
covers  how  to  multiply  and  divide^  expand 
to  powers^  and  extract  roots  of  numbers 
expressed  In  powers  of  10.  A  very  Important 
application  of  powers  of  lO  ts  the  use  of 
electronic  prefixes  to  designate  very  small 
and  very  large  numbers  In  electronic 
measurement.  You  must  b6  able  to  convert 
standard  prefixes  to  powersoflO^  and  powers 
of  10  to  standard  prefixes^  and  change 
either  of  these  to  numerical  values.  Finally^ 
you  win  find  a  study  of  equations  and  an 
example  of  how  mathematics  Is  used  in 
electronics. 

2-2.  Signed  Numbers 

2-3.  A  signed  number  expresses  aimantity 
and  a  direction  firom  a  reference  or  starting 
point.  The  number  represents  the  unit  of 
measure;  the  sign  shows  the  direction  from 
this  reference  point.  If  all  numbers  In  one 
direction  from  zero  are  positive^  then  all 
numbers  In  the  opposite  direction  wiU  be 
negative.  If  numbers  atx)ve  zero  are  positive, 
all  numbers  below  zero  will  be  negative. The 
absolute  value  of  a  negative  number  is  the 
same  as  the  corresponding  positive  number. 
A  negative  1000  volts  of  electricity  is  quite 
as  dangerous  as  a  positive  lOOO  volts.  So 
remember^  the  sign  of  the  number  only 
indicates  a  direction. 


Starting  at  zero  and  moving  to  the  left 
are  numbers  without  signs.  They  are  under- 
stood to  be  positive  (f)  numbers.  To  the 
right  of  zero  are  negative  (-)  numbers. 
This  scale  may  be  used  to  add  and  subtract. 
For  example^  add  ^  to  a  *3.  To  do  thls» 
find  -3  on  the  number  scale  and  count  4 
in  a  positive  direction  (to  left).  The  answer 
is  a  positive  one.  Now>  to  subtract  "4  from 
f3»  start  at  f3  and  count  In  a  negative 
direction  (to  the  right)  4  places.  The  answer 
is  -1.  There  are  also  rules  to  guide  you 
In  performing  the  various  operations. 

2*5.  Adding  signed  numbers.  When  adding 
numbers  with  like  signs,  (f^  f)  (-^  -),  the 
answer  retains  the  same  sign.  See  the 
examples  beiow: 


a.    3  b,   93  c.  8,3 

f8  +7  +.4 

n  l53  STT 

d.    -1  e.  *80  L  *3.0 

+-6  +-,7 

"T7  rss 


When  adding  numbers  with  unlike  signs^ 
disregard  the  signs.  Subtract  the  smaller 
number  from  the  larger  and  express  the 
remainder  with  the  sign  ofthe  larger  number. 
See  the  examples  below: 


RJC 


2-4.  Electronic  mathematics  requires  a 
knowledge  of  the  rules  for  multiplying^ 
dividing^  addlt$»  and  subtracting  signed 
numbers.  These  rules  be  discussed  and 
Illustrated  In  the  following  paragraphs.  To 
understand  the  idea  of  direction  of  numbers 
look  at  the  number  line  below. 


b. 


170 
^'70 
100 


C.  -8 

^-91 
83 


5  4 


O  .4   -3  -6 


III'  I  I  I  I 


The  Important  things  to  remember  are: 
Disregard  the  signs  of  the  numbers,  subtract 
the  smaller  number  from  the  larger  number^ 
and  express  the  remainder  with  the  sign 
of  the  larger  number. 
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2-6,  Subtracting  signed  numbers.  Subtraction 
Id  the  revwae  operation  of  addition^  This 
moans  that  a  subtraction  problem  la  flolvod 
by  changing  the  sign  of  the  number  being 
subtracted  and  adding  the  two  numbers^  The 
following  examples  Illustrate  the  process: 

(The  signs  In  parenthesis  are  reminders 
that    the    slgti  of  the  subtrahend  must 
be  changed) 


-6 
-6 


-6 


-3 

f3 


If  you  know  how  to  add  signed  numbers^ 
subtraction  Is  easy.  All  you  do  Is  change 
the  sign  of  the  number  being  subtracted 
aiid  proceed  as  in  addition. 


2-7.  Multiplying  signed  numbers.  When 
multiplying  signed  numbers  there  are  two 
ndes  to  remember;  1)  Like  slgns(+^  +){-,  -) 
ALWAYS  yield  a  POSITIVE  answer  when 
multiplied  together.  See  the  examples: 

a.  3  X  5  =  15 

b,  •3x  -5  =  15 


The  second  rule  iB\  2}  Multiplying  unlike 
signs  (+,  +)  ALWAYSyleldsaNEOATIVE 
answer.  See  the  examples; 

a,  -4  X  B  «  .20 

b,  8  X  -3  -24 

c,  -3  X  10  a  .30 

d,  4  X  .8  ^  .32 

2-8.  Dividing  signed  numbers  Is  covered 
later  on  in  this  text  where  you  wlU  be 
dividing  powers  of  10, 

2-0,  Power  of  Ten 

2'10,  Definitions  used  in  powers  of  10  are 
as  follows; 

a,  BASE  NUMBER  -  The  number  to  be 
multiplied  by  itself.  In  pcwers  of  10  the 
base  number  is  10. 

b.  EXPONENT  -  The  power  of  a  number. 
The  number  of  times  a  base  number  is 
multiplied  by  Itself. 

C.  NUMERICAL  COEFFICIENT  -  The 
number  preceding  the  base  number  and 
exponent. 


numerical  coefficient-^  4  x  10 


^Bxponerd 


Figure  2-1*  Powers  of  Ten 

2-11.  When  the  base  number  lOisexpressed 
with  an  exponent,  It  is  called  a  POWER  OF 
TEN.  This  means  that  10  is  multiplied  by 
Itself  the  exponent  number  of  times.  For 
example: 


10 


10*  =  10 


c*  8x  5  =  40 

d,  -1  x-6  =  6 

e.  -4  X  -10  =  40 


10  =  lOx  10  or  100 

10^  =  lOx  lOx  10  or  1,000 

10^  -  10  X  10  X  10  X  10  or  10,000 


0 


Listed  below  are  more  powers  ot  10: 

10^  ^  100,000 

10^  n  1,000,000 

10*^  »  10,000,000 

10^  «  100,000,000 

10^  3  1,000,000,000 

10^^  =  10,000,000,000 

10^^  =  100,000,000,000 

10^^  a  1,000,000,000,000 

2-12,  Notice  that  the  number  of  zeros.  In 
each  case,  equals  the  exponent.  Notice  also 
that  the  exponents  are  all  positive.  You 

also  work  with  negative  exponents  which 
designate  fractional  or  decimal  numbers. 
Some  of  these  are  listed  as  follows: 

1/10  =0,1  =  10'^ 

1/100  =0,01  =  10"^ 

1/1,000  =  0,001  =  10'^ 

1/10,000  =  0,000  1  =  10"^ 

1/100,000  J=  0,00001  =  10"^ 

1/1,000,000  =  0,000001  =  10"^ 

Powers  Of  10  such  as  10-3,  io-6^  ^nd  10-12 
are  common  in  electronics, 

2-13,  Powers  of  10  are  used  In  electronics 
because  they: 

a.  Simplify  calculations, 

b.  Provide  a  convenient  method  of 
expressing  very  large  or  very  small  numbers, 

2-14,  Any  number  can  be  expressed  as  a 
quantity  between  1  and  10  multiplied  by 
the  proper  power  of  10,  The  standard  method 
of  conversion  Is  to  move  the  decimal  point 
so  that  one  digit  Is  to  the  left  of  the  decimal; 


then  multiply  thi^^  digit  by  the  proper  power 
of  10  so  that  the  value  of  the  number  does 
not  change.  Here  are  some  examples  of 
numbers  expressed  In  powers  of  10,  using 
a  numerical  coefficient: 

4,000    4  X  10^ 

439,000  =  4,35  x  10^ 

,002  =  2,0  X  10'^ 

0,0000673  «  6,73  X  lO"'' 

2-19,  Before  moving  a  decimal  point, 
there  are  these  two  rules:  1)  Moving  the 
decimal  point  to  the  left  will  generate 
positive  exponents,  and2)Movingthedecimal 
point  to  the  right  will  produce  negative 
exponents,  Nowi  let's  analyze  the  steps 
involved  In  making  conversions  to  powers 
of  10, 

2-16,  Converting  ANY  number  to  powers 
of  10  is  done  in  three  steps: 

a.  Move  the  decimal  point  left  or  right 
in  order  to  get  a  numerical  coefficient 
between  1  and  10, 

b.  Determine  the  POLARITY  of  the 
exponent  by  the  direction  the  decimal  point 
was  moved, 

c.  Determine  the  value  of  the  exponent. 
The  exponent  is  equal  to  the  number  of 
places  the  decimal  point  was  moved* 

2-17,  Conversion  of  num^sers  greater  than  1, 
The  number  300  is  greater  than  1;  let's 
convert  It  to  powers  of  10  foUowingthe  three 
steps, 

a.  Move  the  decimal  point  until  you  have 
a  number  between  1  and  10: 

300  s  3,00 

b.  Determine  the  polarity  of  the  exponent 
by  the  direction  the  decimal  point  was 
moved.  In  this  case,  LEFT  (+}, 

300  fit  3  X  10* 
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c«  Detormlno  the  value  of  tho  oxponent. 
The  oxponont  la  equal  to  the  number  of 
placed  the  decimal  point  waa  moved*  In 
this  caaei  two  placea* 

300  «  3  X  10^^ 

2 

The  answer  to  thla  example  la:  300  i«3x  10  . 

NOTE:  The  positive  algn  I3  not  written 
becauae  It  la  underatood  that  ail  numbera 
are  poaltlve  unleaa  they  are  marked  negative* 

EXAMPLE:  Convert  4^200  to  poweraof  10* 

a*  Convert  the  original  number  to  a 
numerical  coefficient  between  1  and  10« 

4,200  n  4«2 


2-10*  Combine  all  threo  atepa  And  convert 
216  to  powora  of  tO« 

Convert  the  original  number  to  a  numerical 
cc^fflclent  between  1  and  10  and  determine 
the  polarity  and  value  of  the  exponent*  The 
answer  la; 

216-2*16x10^ 


2-20*  Conversion  of  numbera  leaa  than  one 
la  accompliahed  by  following  the  dtepa  listed 
in  paragrapha  2-15  and  2.16*  The  only 
differences  will  be  the  direction  the  decimal 
point  la  moved  to  bbtalh  the  numerical 
coefticlentf  and  the  polarity  of  the  exponent* 


b.  Determine  the  polarity  of  the  ejQ>onent* 
The  escponent  will  be  positive  because  the 
decimal  point  was  moved  to  the  LEFT* 

*  4.2  X  10* 

c*  Determine  the  value  of  the  exponent* 
The  exponent  la  3  becauae  the  decimal  point 
waa  moved  three  places  to  the  LEFT* 

=  4*2  X  10^ 

The  answer  to  thla  example  ia 

4,200  =  4*2  X  10^ 


Example  1:  Convert  «018  to  powera  of  10. 

*018  =  1*8  X  10"^ 

In  example  1,  the  decimal  point  was  moved 
two  places  to  the  right  (-2)  to  get  the 
numerical  coefficient  between  1  and  10* 
Moving  the  decimal  point  to  the  RIGHT 
will  ALWAYS  niaJce  the  exponent  negative 
(-);  so  the  value  of  the  original  number 
is  not  changed*  The  farther  to  the  right 
the  decimal  point  moves,  the  larger 
the  NEGATIVE  exponent  must  be* 


2-18*  By  DOW  you  should  see  the  similarity 
between  the  second  and  third  steps  in 
conversion*  Moving  the  decimal  point 
determines  BOTH  the  polarity  and  magnitude 
of  the  exponent.  Work  the  following  problem 
and  combine  the  second  and  third  ateps; 
Convert  830  to  powers  of  lO* 

a.  Convert  the  original  number  to  a 
numerical  coefficient  between  1  and  10* 

830  =  8.3 

b*  Determine  the  polarity  and  value  of 
the  exponent.  The  decimal  point  was  moved 
to  the  LEFT      two  places,  so; 

2 

830  =  8.3  X  10 


Example  2;  Convert  *0000042  to  powers 
of  10* 

.0000042  =  4.2  x  lO"^ 

In  example  2,  the  decimal  point  was  moved 
six  places  to  the  RIGHT  (-6)  to  get  a 
*   numerical  coefficient  between  1  and  10* 


Example  3;  Convert  .186  23 1  to  powers  of  10* 
*186231  =  1.86231  X  10^^ 

In  example  3,  the  decimal  point  was  moved 
only  one  place  to  the  RIGHT  (-1)  to  get 
a  numerical  coefficient  between  1  and  10* 
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2-21*  For  numbers  already  between  1  and 
10,  you  do  not  move  the  decimal  point  at 
alL  The  exponent  Is  ZERO  (0)*  For  example: 
6.?4l  may  be  written  as  6*741  x  10^«  Since 
lO^til^  the  value  of  the  number  has  not 
been  changed*  Four  can  be  written 
^  SLS  4x10^1  and  so  forth* 


Finally,  this  example  can  be  written: 
300  X  400  »  1.2  X  10^ 


2-23.  Now  work  two  more  examples 
following  the  four  steps. 


2-22.  MULTIPLICATION  using  powersof  10. 
When  multiplying  using  powers  of  10,  there 
are  four  steps  In  solving  ANY  problem: 

a.  Convert  the  numbers  to  be  multiplied  to 
powers  of  10. 

b.  Multiply  the  numerical  coefficients. 

c.  ADD  the  exponents. 

d.  E:qiress  the  answer's  numerical 
coefficient  between  1  and  10. 

Example:  Multiply  300  x  400  using  powers 
of  10. 

a.  Convert  the  numbers  to  be  multiplied 
to  powers  of  10. 

(300)  X  (400) 
(3  X  10^)  X  (4  X  10^) 

b.  Multiply  the  numerical  coefficients. 
(3  X  10^)  X  (4  X  10^)  =  (3  X  4)  X  10^  x  10^ 


or 


=  12  X  10^  X  10^ 


c.  ADD  the  e:qionents. 

12x10^x10^  =  12x10*^^' 


Example  1:  Multiply  36,OOOx500,OOOusing 
powers  of  lO. 

a«  Convert  the  numbers  to  be  multiplied 
to  powers  of  10. 

(36,000)  X  (500,000) 

(3.6  X  10^  X  (5  X  10^) 

b*  Multiply  the  numerical  coefficients. 

(3.6  X  10^  X  (5  X  10^)  =  (3.6x5)xl0'*xl0^ 


or 


18  X  10^  X  10^ 


c.  ADD  the  exponents. 

18  X  10^  X  10^  =  18x  10*^^* 


or 


=  18  X  10 


9 


d.  Express  the  answer's  numerical  co^ 
efficient  as  a  number  between  1  and  10 
times  the  correct  power  of  10. 

18x10^^1.8x10*^+^* 


or 


=  1.8  X  10 


10 


NOTE:  Again,  the  decimal  point  had  to  be 
moved  one  place  to  the  LEFT  (+1)  to  bbtaln 
the  correct  numerical  coefficient.  This  +1 
was  added  to  9. 


or 


=  12  X  10 


d.  Express  the  answer's  numerical  co^ 
efficient  (12  In  this  example)  as  a  number 
between  1  and  10  times  the  correct  power 
of  10. 

12  X  10^  =  1.2  X  10^  X  10^ 


or 


Example  2:  Solve  vaiag  powera  of  10, 
12,000  X  160,000. 

a.  Convert  the  numbers  to  be  multiplied 
to  powers  of  lo, 

(12,000)  X  (160,000) 

(1.2  X  10^)  X  (1,6  X  10^) 


b.  Multiply  the  numerical  coemcl9nta> 
(I*2xl0*)x(l.6xl0*)^  (1.2x  1,6)X  10^X10^ 


or 


«-  1*02  X  10*  X  10^ 


c,  ADD  the  exponents, 
1.02  X  10*  X  10^  -  1*02  X  10***^' 


or 


1,02  X  10 


,0 


d.  The  answer^s  numerical  coefficient  Is 
already  between  1  and  10* 

2-24,  In  sdlvlng  any  multiplication  problem 
using  powers  of  10,  the  same  four  steps  are 
ALWAYS  followed.  Here  are  two  examples 
where  a  number  greater  than  1  Is  multiplied 
by  a  number  less  than  1, 

Example  1:  Multiply  using  powers  of  10, 
200,000  X  ,045, 

a.  Convert  the  numbers  to  be  multiplied 
to  powers  of  10, 

(200,000)  X  (.045) 

(2  xlO^x  (4,5x10'^) 

b.  Multiply  the  numerical  coefficients, 
(2xl0^x(4.5x  10"^)  =(2x4,5)x  10^x10"^ 


or 


0  X  10^  X  10'^ 


c,  ADD  the  exponents. 

0  X  10^  X  10"^  =  0  X  10^^*^^ 


or 


Ox  10 


d.  The  numerical  coefficient  of  the  answer 
Is  already  between  1  and  10.  The  exponents 
are  signed  numbers,  and  in  step  c  you  had 
to  add  two  numbers  with  different  signs. 
The  rule  used  on  this  problem  is:  Adding 
a  HEGATIVE  number  Is,  mathematically^  the 
same  as  SUBTRACTING  a  POSITIVE  number. 

Example  2:  Multiply  using  powers  of  10, 
,0005  X  2,000, 


a*  Convert  the  numbers  to  be  multiplied 
to  powers  of  10* 

(.0009)  X  (2,000) 

(5  X  10**)  X  (2  X  10^) 

b.  Multiply  the  numerical  coefficients 

(5  X  10'*)  X  (2  X  10^)  «  (5  X  2)  X  10'*  x  10^ 


or 


»  10  X  10'*  X  10^ 


c,  ADD  the  exponents, 

10xlO"*xlO^=»10xlO^'**^* 


or 


a  lOx  10" 


d.  Express  the  answer's  numerical  ca* 
efficient  as  a  number  between  1  and  10  times 
the  correct  power  of  10, 

10x10"^  =  1x10^-^*^' 


or 


1  x  10 


REMEMBER:  Exponents  are  signednumbers 
and  adding  f  ^oal  numbers  of  opposite  sign 
will  equal  '^^lO, 


2-25,  So  far  in  your  study  of  multipiyiog 
powers  of  10  you  have  covered  multiplying 
two  numbers  larger  than  one,  and  a  number 
larger  than  one  times  a  number  less  than 
one»  Now  work  two  examples  of  multi* 
plying  two  numbers,  both  of  which  are  less 
than  one» 

Example  1:  Using  powers  of  10,  multiply 
.015  X  .00002. 

a.  Convert  the  numbers  to  be  multiplied 
to  powers  of  10. 

(.015)  X  (.00002) 

(1.5  X  10"^)  x(2x  10'^) 
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b,  Multiply  the  numerical  cQelilclentg^ 
(1 ,3  X 10"^)  X (2 X  10"*)  -  (1 ,5  X  2)  X  lO"^  x  lO"' 


or 


»  3  X  10"^  X  10"* 


c.  ADD  the  exponents. 

3  X  10-2  X  10-^  =  3  X  10-2+<-«) 


Or 


3x  10 


-7 


The  answer's  numerical  coefficient  Is 
already  between  1  and  10. 

Example  2:  Multiply  ,00025  x  .000021 
using  powers  of  10. 

a.  Convert  the  numbers  to  be  multiplied 
to  powers  of  10. 

(.000  25)  X  (.000021) 

(2.5  X  10'*)  X  (2.1  X  10**) 

b.  Multiply  the  numerical  coefficients. 
(2^xlO'*)x<2^xlO'*)=(2^x2^)xlO'* 

X  10'* 


or 


=  5.25  X  10"*  X  10'* 


6x  10_ 
3x  10 

The  next  stop  Id  to  divide  the  numerical 
coefficient  In  the  denominator  Into  tho 
numerical  coefficient  of  the  numerator*  This 
part  of  the  problem  Is  written  as: 

5-2 

The  next  step  for  division  is  to  subtract 
the  exponent  of  10  in  the  denominator  from 
the  exponent  of  10  In  the  numerator; 

10^    in3*2  ,^1 
=  10      -  10 

10^ 

Combine  the  two  parts  and  the  answer  Is: 
-  2  X  10^ 

2-27.  The  basic  rules  for  dividing: 

a.  Convert  the  number  to  be  divided  to 
powers  of  10. 

b»  Divide  the  numerical  coefficients. 

c.  Combine  the  exponents  by  subtraction, 
bring  the  denominator's  exponent  above  the 
line,  change  Its  sign,  and  add  it  to  the 
numerator's  exponent. 


c<  ADD  the  exponents. 

5.25  X  10'*  X  10**  =  5.25  x  lO"*^'*' 


d.  Express  the  answer's  numerical  cO' 
efficient  between  1  and  10  times  the  correct 
power  of  10* 


or 


=  5.25  X  10 


Example  1: 


d.  The  answer's  numerical  coefficient  is 
already  between  1  and  10. 


.006  6  X  10^^  ,n-3-(.2) 
'^^     3  X  10^ 


2-26.  DIVISION  OF  NUMBERS  USING 
POWERS  OF  TEN*  The  division  of  6,000 
by  300,  can  be  mathematically  expressed  as: 

6,000 


2x10*^+^  =  2x10'^ 


Example  2: 


*OO0O05  4    5.4  x  10 


.00009 


fix  10 


.6  X  10 


-6-(-5) 


The  first  step  is  to  convert  6,000  to  6  x  10^ 
and  300  to  3  x  10^,  Then*  write  the  problem 


as: 


« -6x10"*^  =  .6x10'^ 


6x  10 
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Example  3: 


ao.ooo   ^  ax  10^  _^  „  ,„4-(-7) 

»  4x  10^"^'  -4x  10^^ 


3/^ 


b.  The  second  rule  atatea  that  the 
numerical  coofflclentfl  are  divided  as 
shown  below: 

4  X  lo'    .8  X  lo'* 


9x  10 


10 


Example  4: 


•OQoa    ,  a  X  io~^  4  -4-7 


2  X  10' 


«  4  X  10' 


■11 


c.  Now,  the  third  rule  states,  bring  thtt 
exponent  above  the  Une,  change  its  sign, 
and  add; 


10 


Example  S: 


or 


,8x  10 


1      Ix  10        .  ,.0-1 
2.5  X  10^ 

^  Ax  10"^  r4x  10*^ 


Example  S: 


100  _  10  ^    2-3    .Q-l  ^ ,  iQ-l 


Example  7: 


10*  ^  Ix  10*  ^  ^  .^4-1 
^  ^  1  ^  -25  X  10 

4  X  10^ 
^  .25  X  10^  =2.5x  10^ 


2-20*  The  third  rule  tor  division  states 
that  you  can  also  bring  the  denominator's 
exponent  above  the  division  Une^  change  Its 
stgn^  and  add  It  to  the  numerator's  ejqponent. 
Of  course,  the  other  three  rules  muat 
still  be  followed.  Solve  an  example 
problem  using  this  other  method  ofsatisfying 
the  third  rule: 

Example  1:  400,000/ .05 

a.  First  rule  la  to  convert  the  numbers 
to  be  divided  to  powers  of  10: 

,5 

'2 


d,  Ftnallyp  the  fourth  rule  for  dividing 
powers  of  10  says  that  the  answer  must 
be  a  number  between  1  and  10  times  the 
correct  power  of  10: 

7  7-1 
.8  X  10  m  8  X  10  X  10 


or 


8x  10 


,8 


400,000  _  4  X  10 
'  5  X  10- 


2-20.  Now  solve  some  additional  problems 
using  this  alternate  method  for  dividing 
powers  of  10: 

Example  2:  8,000/ .04 

a.  Convert  the  numbers  to  powers  of  10: 

IS 


a,ooo    a  X  10 

4x10 


b.  Divide  numerical  coefficients: 
3 


a  X  10^    2  X  10^ 


4x  10 


10 


c.  Bring  the  exponent  above  the  line, 
change  Its  sign,  and  add  It  to  the  numerator's 
exponent: 

ii^  =  2xl03^*2) 


10 


or 


2x  10" 
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3/; 


d,  Express  the  answer  M  a  numerical 
coefficient  between  1  andlOtlmesthe correct 
power  of  10,  Howevor,  "2x10^"  is  already 
expressed  correctly,  so  the  fourth  rule  Is 
satisfied. 

Example  3:  .000  09/450 

a.  Convert  the  numbers  to  power  of  10: 

5 
5 


.000  08       X  10 


4.5  X  10 

b.  Divide  numerical  coefficients: 


di  Express  the  answer's  numerical  co- 
efficient as  a  number  between  1  and  10 
times  the  correct  power  of  10* 

,3x  lo''  -  3x  lo'^x  10"^ 


or  s  3  X  10 

Example  6:  *00OO0e/.O0O003 
a.  Convert  to  powers  of  10: 
.000006    Ox  10^ 

■mm-—. 


6 


9x10"^  2x10"^ 


4.5  X  10*  10* 

c.  Bring  the  exponent  above  the  line, 
change  Its  sign,  and  add: 


10' 


or 


2x  10 


-7 


d.  The  answer  is  already  expressed  as 
required  by  the  fourth  rule. 


Example  4:  21,000/ .007 

a.  Convert  to  powers  of  10: 

21,000    2.1  X  10^ 
7  X  10 


b.  Divide  numerical  coefficients: 

lO' 


2.1  X  10*    .3  X  10* 


7  X  10  10 

c.  Bring  the  exponent  above  the  line, 
change  Its  sign  and  add: 

.iJL^' =  .3  X  10*^(^3) 


10 


b.  Divide  numerical  coefficients: 

3x10-^'  10-* 

c.  Bring  above  the  line,  change  the  sign, 
and  add: 

iiLi^'«2xlO-«^(^«> 


10 


or 


2  X  10' 


or 


.3  X  10 


d.  Express  the  answer's  numerical  co- 
efficient as  a  number  between  1  and  10 
timed  the  correct  power  of  lo*  The  answer 
Is  expressed  correctly. 

2-30.  ADDITION  AND  SUBTRACTION  WITH 
POWERS  OF  TEN.  Abaslc  rule  in  all  addition 
and  subtraction  Is  that  you  can  Only  combine 
LIKE  quantities.  In  order  to  add  or  subtract 
numbers  that  contain  powers  of  10«  it  Is 
necessary  for  the  eJcponent  of  the  10  to  be 
the  same. 

Example  1; 

(6xlo')  +  (3xlo')»flxlO^ 

As  shown  by  example  1|  to  add  numbers 
with  powers  of  10^  add  the  numerical 
coefficients  and  keep  the  same  exponent 
of  10.  If  the  exponents  are  not  the 
same,  change  the  exponents  to  make 
them   alike  before   adding  the  numbers. 
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ExampU  2; 

too  X  10^  +  (6  X  10^) 

In  order  to  add  these  numbers^  change  the 
exponents  to  the  same  value.  To  do  this, 
vou  can  change  the  90  x  10^  to  9x10^. 
The  exponents  are  now  equal  and  you  have 
the  following  problem. 

(9  X  10^)  +  (e  X  10^)  «  IB  X  10^ 

Express  the  final  answer  as  a  number  betwern 
1  and  10  times  the  proper  power  of  10  by 
writing  the  answer  as  l.SxlO^, 

Examples: 

340,000  +  75,000  «  (340  X  10^)  +  (75  X  10^) 
=*  415  X  10^  ^  4,15  X  10^ 
,0036  +  -0125  ^  (,36  x  lO'^)  +  (1,25  x  10^^) 
^  1,61  X  10"^ 


(.006)^-(6xlO'V«36  xlO'^ 
«  3.6  X  l6'^ 


2-33i  To  cube  a  number,  cube  the  numerical 
coefficient  and  then  multiply  the  exponent  of 
10  by  3, 

Examples: 

(5  X  10^)^  ^  (5)^  X  (loV  =  125  X  10^ 

^  1,25  X  10^ 

(,003)^  =  (3  X  10'^)^  =  27  X  10'® 

=  2,7  X  10'^ 


2-34,  To  take  the  square  root  of  a  number 
with  a  power  of  10,  first  take  the  square 
root  of  the  numerical  coefficient  and  then 
divide  the  exponent  of  10  by  2, 


Example  1: 


2-31,  To  subtract  numbers  that  contain 
powers  of  10,  the  Same  principles  apply 
as  used  In  addition.  The  Ws  must  have  the 
same  exponent.  The  numerical  coefficients 
are  subtracted,  but  the  same  power  of  10 
Is  retained.  The  final  answer  ^ould  be 
expressed  as  a  number  between  1  and  10 
times  the  proper  power  of  10, 

Examples: 

340,000  -  75,000  =  (340  X  10^)  -  (75  X  10^) 
-  265  X  10^  =  2,65  x  10^ 

,0125  -  ,0036  ^  (125  x  10"^)  ^  (36  x  10*^) 

4  -3 
»  69  X  10^  =  Q.g  X  10 

2-32,  To  Square  a  number  containing  apower 
of  10,  first  square  the  numerical  coefficient 
and  then  multiply  the  exponent  of  10  by  2, 

Examples: 

(3  X  10^)^  =  (3)^  X  (loV  ^  9  X  10^ 


^9  X  10^  ="\/9  X  'sflQ^ 


=  3x  10^^  =  3x  10^ 


Example     2:     Take    the    square  root  of 

"^360  X  10^: 
To  extract  the  square  root,  the  exponent 
must  be  an  even  number.  To  convert  to 
an  even  power  of  10,  move  the  decimal 
one  place.  In  this  case.  If  the  decimal 
is  moved  to  the  left  one  place,  you  would 
have: 


V 


'36  X  10^  =  6x  10^ 


The  Square  root  of  36  is  6,  and  the  square 
root  of  10^  Is  10^.  To  take  the  square  root 
of  an  exponent,  divide  the  exponent  by  2» 


Example  3: 


0064  =  V64x  10"^  =  ex  10'^ 
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Table  2-1 


ELECTRONIC  TERMS 


NUMBER 

POWER 
OF  TEN 

PREFIX 

SYMBOL 

1  000  000  000  000 

10^2 

tera 

T 

1  000  000  000 

lo" 

giga 

G 

.1  000  000 

10« 

mega 

M 

1  000 

10^ 

kilo 

k 

100 

10^ 

heeto 

h 

10 

10^ 

deka 

da 

0.1 

10"^ 

doci 

d 

aoi 

10'^ 

centl 

c 

0.001 

10-3 

mini 

m 

0.000  001 

io-« 

micro 

u 

0.000  000  001 

10-" 

nano 

n 

0.000  000  000  001 

10-^2 

pIco 

P 

Table  2-2 


PHEFK  STUDY 


NUMBER 

POWER 
OF  TEN 

PREFIX 

SYMBOL 

1  000  000 

10« 

msga 

M 

1  000 

10^ 

kilo 

k 

0.001 

10-3 

mini 

m 

0.000  001 

io-« 

micro 

u 

0.000  000  000  001 

10-^2 

pi  CO 

P 

Example  4; 


.0009  X  .0036  » 


X  lO"*  X  38  X  10"^ 


324  X  10"®  -  I8x  10'^ 


-  K8  X  10 

2-^35.  Electronic  Prefixes 

2-^36.  You  will  become  acquainted  with  the 
electrical  terms  resistance^  voltage,  and 
current  in  later  lessons.  Sdme  other  terms 
you  will  become  acquainted  with  are 
inductance,  capacitance,  power,  and 
frequency.  These  are  all  terms  referring 
to  electrical  values.  Since  these  electrical 
values  range  from  much  less  than'one  to 
much  greater  than  unity,  speclUc  prefixes 
and  symbols  are  used  to  simplify  expressing 
their  values. 

2^.37.  Electronic  technicians  use  certain 
POWERS  OF  TEN  so  much  that  special 
"names'^  and  "symbols''  have  come  Into 
use.  The  names  are  prefixed  to  the  standard 
unit.  For  instance^  a  thousand  Is  a  very 
common  multiple.  The  symbol  forathouaand 
Is  k  and  Ita  prefix  Is  kilo. 

2*36.  One  thousand  volts  Is  called  1  kllovolt 
and  Is  expressed  as  IkV. 

2-39.  One  thousand  ohms  is  called  1  kilohm 
and  Is  expressed  as  lk5^. 

2-40.  Nunlbers  along  with  their  powers  of 
10,  prefixes,  and  symbols  are  listed  in 
table  2-1.  This  information  will  help  you 
determine  conuponent  values  in  the  circuits 
you  will  study  later. 

2*41.  Five  of  the  prefixes  listed  In  table  2*1 
are  worthy  of  your  study  at  tills  time.  They 
are  listed  In  table  2*2. 

2-42.  Table  2*3  shows  how  the  prefixes 
appear  when  presented  on  a  ntmiber  line. 
Note  tlut  10  >  or      is  the  units  place> 
and  can  represent  such  units  as  ohms, 
amperes,  volts,  and  watts.  Moving  LEFT 
from  units  you  have  POSITIVE  exponents^  and 
moving  RIGHT  from  units  yo>ii  have  NEGATIVE 
exponents.  This  Is  similar  to  the  number 
line  studied  In  paragraph  2*4. 
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M6«a  (M)      Kilo  (k) 


Units 


Table  2-3 
PREFIX  SCALE 
MINI  (m) 


Micro  (u)       Nana  (n) 


Pico  (p) 


10" 


10- 


10^ 


10" 


10- 


10' 


10' 


>12 


2-43.  Conversion  to  Prefixes.  Changing  any 
number  to  a  prefix  Is  actually  changing  the 
number  to  a  specific  power  of  10,  the  power 
of  the  10  that  the  prefix  represents.  This 
conversion  Is  accomplished  In  the  following 
three  steps: 

Step  1:  Rewrite  the  prefix  as  the  power  of 
10  It  represents* 

Step  2:  Move  the  decimal  point  of  the 
original  number  to  equal  the  polarity 
and  numerical  value  of  the  exponent. 

Step  3:  Express  the  answer  using  the  prefix 
and  the  original  unit  of  meaaure. 

Here  are  some  examples  using  these 
three  steps* 

Example  1:  6,000  volts  -  7  Idlovolts* 

Step  1:  Rewrite  the  preUx  as  the  power  of 
10  It  represents* 

6,000  volts    7x10^  volts 

(Kilo  represents  10  .) 

Step  2:  Move  the  decimal  point  of  the 
original  number  to  equal  the  polarity 
and  numerical  value  of  the  exponent. 

6,000  volts  3  6.0  X  10  volts 

(The  exponent  was  positive  3,  so  the  decimal 
point  was  moved  LEFT  (+}  three  places*) 

Step  3:  Express  the  answer  using  the  prefix 
and  the  original  unit  of  measure. 

3 

6  X  10  volts  =  6  kllovolts 

or  6kV  using  the  symbols  for  kUo  (k)  and 
volt  (V). 


Example  2:  2  amperes  «  7  milUompereSi 
restated  tislng  symbols: 

2  A  a  7  mA 

Step  1:  Rewrite  the  prefix  as  the  power  of 
10  It  represents* 

2A  =  ?xl0'^A 

Step  2:  Move  the  decimal  point  of  the 
original  number  to  equal  the  polarity  and 
numerical  value  of  the  exponent* 

2A=2>O00x  lO'^A 

(The  exponent  was  negative  3  (-3),  so 
the  decimal  point  was  moved  RIG3IT  (-) 
three  places.) 

Step  3;  Express  the  answer  using  the  prefix 
and  the  original  unit  of  measure. 

2,000 X  10'  As 2,000  mlUlamperes^ 

or  2^000  m A. 


Example  3:  ,02  A  ?  7  mA. 

Step  1:  Rewrite  the  prefix  as  the  power  of 
10  It  represents. 

.02A*7xlO'^A 

Step  2:  Move  the  decimal  point  of  the 
original  number  to  equal  the  polarity  and 
numerical  value  of  the  exponent. 

.O2A  =  20x  10*^A 

(The  exponent  was  again  negative  3  (-3), 
so  the  decimal  point  of  the  original  number 
was  moved  RIGirr  (-)  three  places.) 
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Step  3;  Exprodd  the  anawer  using  the  prefix 
and  the  original  unit  of  meamire. 


20  X  lO'^A 


20  mlUiampered^  20mA 


poflitivo  direction  (LEFT)  three  placea  In 
order  to  cancel  out  the  negative  3  exponent, 

200  X  10"^  A  »  ,2  X  10**     or  ,2  A 


2-44*  Converting  from  a  prefix  to  units. 
Any  time  a  number  with  a  prefix  Is  changed 
back  to  units,  you  are  really  changing  a 
number  times  &  power  of  10  to  a  number 
times  1<3^  (times  1).  If  a  person  walks  a 
mile*  stops  and  turns  around,  then  walks 
back  to  where  he  started,  he  had  to  change 
directions.  The  decimal  point  starts  at 
units  (10^)  and  moves  LEFX  or  RIGHT  when 
changing  a  number  to  powers  of  10,  and  has 
to  go  in  the  opposite  direction  to  change 
the  power  of  10  back  to  the  original  number. 
As  an  example,  in  changing  2,000  to  2xlo3, 
the  decimal  point  has  to  move  LEFT  three 
places.  To  change  2xlo3  back  to  units 
(10^}p  the  decimal  point  has  to  move  three 
places  to  the  RIGHT,  Waiting  this  last 
statement  mathematically: 

2  X  10^  =  2,000  X  10**,  or  2,000 

This  whole  Idea  can  be  simplified  U  you 
remember  that  units  place  equals  10^*  What 
do  you  add  to  a  positive  3  in  order  to  get 
07  You  add  a  negative  3,  naturally;  3  + (-3)  =0; 
and  polarities  of  exponents  tell  us  the 
direction  the  decimal  point  Is  moved:  LEFT 
(+)  and  RIGHT  (-).  Therefore,  In  the  example 
the  decimal  point  had  to  move  three  places 
to  the  RIGHT  (-3)  to  cancel  out  the  poslUve 
3  exponent  and  get  back  to  units. 

Example  1:  200  milllamperes  «  7  amperes, 
or  using  symbols: 

200  mA    7  A 


Example  2:  20,OOOuA  a  7  a. 

The  prefix  micro  (u)  stands  for  10-^^  and 
A  is  units(10^).SubsUtutlngthlsinformaUon, 
we  havel 

20,000  X  10"^A  =  7x  10**  A 

The  exponent  here  is  negative  6  (-6),  which 
means  that  the  decimal  point  was  moved 
six  places  to  the  RIGHT  in  order  to  get 
microamperes*  In  order  to  get  back  to  the 
units  (loO)  place,  the  decimal  point  has 
to  move  six  places  to  the  LEFT  (46),  or 
-6  4  (6)  »  0,  Now  the  example  can  be  written: 

20,000  X  10"^A=  ,02  X  10**Aor  ,02A 


Example  3:  $6k^  =  ?  H  -  ^fl^^  symbol 
for  ohms,) 

The  prefix  or  kilo^  stands  for  103  and 
SI  Is  units  (100),SubsUtute  this  InformaUon: 


56  X  iti^Sl  =  7  X  lO^Sl 

The  exponent  Is  positive  3(f3).  You  want  to 
return  to  0;  what  do  you  add  7  You  would 
add  a  negative  3  (-3)^^  The  decimal 
point  has  to  move  RIGHT  three  places  (-3). 
Now  you  have; 

56  X  10^^    56,000  X  lO^jft,  or  56,000^ 


The  prefix  milll  (m)  stands  for  10-3^  and 
that  amperes  is  units,  or  10^,  Rewriting 
this  example  substituting  what  you  know: 


200  X  10'^A  =  7x  10**A 


Looking  at  the  exponent^  you  see  a  negative 
3  (*3).  M^t  do  you  add  to  a  negative  3 
In  order  to  get  07  You  add  a  positive  3,  OK, 
the  decimal  point  has  to  be  moved  in  the 


2*45.  Because  prefixes  represent  frequently 
used  powers  of  10,  they  are  convenient  to 
use.  As  an  example,  kilo  may  be  substituted 
for    103  in  the  following: 


5  X  10  meters  =  5  kilometers,  or  5km 
10  X  10^  watts  =  10  kilowatts,  or  10  kW 
36  X  10  ohms  =  36  kilohms,  or  36kfl 
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juUlii  (m)  la  equal  to  10-^*  Now  substitute 
oiim  for  10-3: 

5  X  10*^3  amperes  «  ftmlliiamperefltO^!^  i^A 
430  X  10'3  watts  »  430  mllUwatts,  or  430  mw 

6  X  10*^. meters  m  6  mlUltneters,  or  6  mm 

2'46.  converting  units  to  prefixes,  prefixes 
to  units,  or  even  prefixes  to  prefixes,  Is 
accomplished  by  slmplytnovlntg  the  DECIMAL 
POINT. 

2'47*  Equations 


AXIOM    4:    Dividing   BOTH   sides  by  the 
SAME  number* 

f* 

AXIOM  0:   Terms  equal  to  a  third  term 
are  eqyal  to  each  other* 

AXIOM    6:    Raising    BOTH  sides  to  the 
SAME  power. 

AXIOM  7:     Taking    the    SAME   root  of 
BOTH  sides. 

2^52*  Some  appiicatlona  of  these  axioms  are: 


2^48.  To  successfully  analyze  and  solve 
electronic  problems  requires  the  use  of 
formulas  which  are  expressed  as  equations* 
A  review  of  the  technlqtues  involved  in 
solving  equations  wlU  provide  the  basis  for 
solving  electronic  formulas* 


Exaniple  1:    X  *•  5  «  12 

To  find  the  value  of  X,  use  axiom  1  and  add 
5  to  each  side  of  the  equation: 

X*5f5^12f5 


2-49.  An  equation  Is  a  mathematical 
statement  that  two  Quantities  are  equal. 
The  qjtiantlty  to  the  left  of  the  equal  sign  In 
tbe  equation  7flic5f3is  equal  to  the 
quantity  to  the  right  of  the  equal  sign* 
Think  of  It  as  a  precision-balanced  scale* 
The  equation  is  balanced  when  you  begin  to 
work  with  It,  and  you  must  keep  It  In  balance 
as  you  mrk  toward  a  solution.  You  can  add, 
subtract,  multiply,  divide,  raise  to  powers, 
and  extract  roots  within  an  equation,  pro- 
viding you  do  exactly  the  same  thing  to 
both  sides  of  the  equation* 


X»17 

Example  2: 

X  f  10  =  20 

In  this  example,  use  axiom  2  and  sulYtract 
10  from  each  side  of  the  equation: 

X  f  10-  10  =  20-  10 

X  =  10 


2-50.  EQMations  are  solved  through  the  use 
of  ajdoms.  An  axiom  Is  a  truth  or  fact  that 
is  sell- evident  and  needs  no  proof. 

2-51.  The  axioms  below  can  be  applied  to 
any  equation  without  changing  tbe  equality: 

AXIOM    1:    Adding  the   SAME  number  to 
BOTH  sides. 

AXIOM   2:    Subtracting  tbe  SAAfE  number 
from  BOTH  sides. 

AXIOM   3:  Multiplying  BOTH  sides  by  the 
SAME  number. 


Example:  3 


Use  axiom  3  and  multiply  both  aides  of 
the  equation  by  5. 

^x  5rr  12x5 

f^T=  12x  5 
5  1 

X  =  60 

21 
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Example  4:        5x  «  B5 

Divide  each  Bide  of  the  equation  hy  5 
5X  65 

X  a  17 

Example  6:  U'x     M  and  Z  »  M then XnZ 

Terms  that  are  equal  to  the  same  term  are 
equal  to  each  other* 

Example  B;         X  ^  5 

Both  Bides  may  be  squared  and  the  result  is 


or  =  25 

2 

Example  7:       X  «i  36 

Take  the  square  root  of  both  aides. 

X  =  6 

2-^53.  Transposing  Terms 

2-54.  Whensolvlng  equations  It  Is  often  helpful 
to  rearrange  some  of  the  terms  by  inovlng 
them  from  one  side  of  the  equation  to  tbe 
other.  This  can  be  done  If  the  sign  of  the 
term  is  changed.  FOr  example; 

13X  *  15  =  11      Is  the  same  aa 

13X  «  U  f  15 

Here»  the  *15  on  the  left  side  of  the  equation 
vras  moved  to  the  right  side.  It  was  negative 
15  on  the  left  side;  when  It  moved  to  the  right 
side  It  became  a  positive  15.  (This  in  the 
same  adding  15  to  both  sides  of  the 
equation). 

To  complete  the  solution 

13X=  26 
X  =  2 


Look  at  another  example  to  be  sure  you 
understand  the  process. 

13X  -  e  »  11  *  8X 

To  solve  this  one,  move  the  unknown  term 
(-6X)  to  the  left  side  and  the  known  term  to 
the  right. 

13X  f  6X^  11  +  B 

The  was  moved  to  the  left  side  and 
became  f6X;  the  -^B  was  moved  to  the  right 
side  and  became  a  fB* 

The  problem  can  be  completed  by  combining 
terms  and  using  the  division  axiom: 

iex=>19 
2<>55.  Cancellation 

2*56.  If  the  same  number,  with  the  same 
sign,  appears  In  both  members,  both  may 
be  removed  by  cancellation. 

Suppose  5X<'7f53X<>7fO 

You  can  drop  -7  from  both  members  and  have 
5X  +  5»X+e  (AXIOMl) 
5X  -  X  =.  9  -  5  (AXIOM  2) 

4X=>4 

X  =  I  (axiom  4) 

2<>57.  Changing  Signs  in  an  Equation 

2*'5B.  All  signs  In  an  equation  can  be  changed 
by  multiplying  both  sides  of  the  equationby*l. 

-8X  f  40  =  -2X-  10 
Multiply  by(*l): 

ex  *  40  =  2X  f  10        (AXIOM  3) 
2-50.  Solution  Of  Simple  Equations 
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2-dO.  By  the  application  ot  AXlOMSp 
transpoflttlon,  and  cancellatlonp  the  solution 
of  equations  becomes  a  series  of  easy  steps. 


Example  1: 
Solve 


•^=-27 
4 

3X*27x4      (AXIOM  3) 


or 


Example  2: 
Solve 


3X  ^  108 

^  108 
A-  3 

X»  36 


13  =  4Y  -  7 

13  f  7  =  4Y 

20  3  4Y 
20 

5  =  Y 


(AXIOM  4) 


(AXIOM  1) 


(AXIOM  4) 


Once  you  have  solved  for  the  unknown,  you 
can  also  check  yoursell  by  substitxriing  your 
answer  for  the  unknown  in  the  ordinal 
problem  as  sboivn  below: 


Example  I; 


3  X  36 


=  27 


4 

108 
4 

27  =  27 


27 


Example  2; 


13  =  4Y  -  7 
13  =  (4  X  5)  -  7 
13  r  20-  7 

13  s  13 

BOTH  answers  check  out  correctly. 


2-61.  When  working  electronic  equations, 
you  may  run  into  problems  that  contain 
fractions  as  well  as  unknowns.  Take  this 
problem  as  on  example; 


3 


1  JL 

2  3 


This  problem  corUalns  three  fractions.  To 
remove  the  fractions,  you  must  find  the 
LOWEST  COMMON  DENOMINATOR.  The 
lowest  common  denomlm^or  Is  a  number 
that  all  of  the  divisors  can  be  divided  into 
evenly,  in  these  three  fractions  the 
denominators  are  3,  2,  and  3.  What  would 
be  the  lowest  number  thatthese  denominators 
can  be  divided  Into  evenly.  Wouldn't  6  be 
the  lowest  common  denominator?  MuUiply 
all  terms  by  6  and  see  what  happens. 


Example  1: 

6(^-6(|)  =  6(^  -6(1) 

2(4Y)  -  3(3)  =  2(Y)  -  6 

8Y  -  9  »  2Y  -  6 

The  fractfons  have  been  removed;  6  was 
the  lowest  common  denomio^or.  Now  finish 
the  example: 

8Y  -  9  =  2Y  -  6 

8T  r  2Y  -  6  f 9   (AXIOM  1) 

8Y  =  2Y  f  3 


8Y  -  2Y  =  3 

6Y  =  3 

Y=  ^ 
^  6 


Y=-jor  .5 


(AXIOM  2) 


(AXIOM  4) 
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Cheek  the  answer; 


Cheek  the  answer  by  subetltutlng  3  for  Y; 


8(.S)  -  e  »  2^9)  -  6 
4-  e»  1  -  6 

-8  m  -6 

Thte  Is  another  example  which  contains 
fractions* 


Example  2; 


-1-  1  TY"  1 
2Y  *  2  '  5Y 


The  three  denominators  are,  2Y,  2,  and 
5Y» 


Since  the  unknown,  Y,  Is  a  part  of  two 
denominators,  It  must  be  part  of  the  lowest 
common  denominator* 


The  number  10  seems  to  be  the  lowest 
common  denominator,  including  the  Y,  which 
gives  lOY  asthelowestcommondenomlnator. 
Now  multiply  each  term  by  lOY  and  see  If 
the  fractions  are  removed^ 


10Y(|j)  f  10Y(5)  =  lOYt^l^) 


5(5)  f  5Y(1)  =  2(7Y  -  I) 

25  f  5Y  =  14Y  -  2 

The  remainder  of  the  solution  is: 

25  f  5Y  ^  14Y  -  2 

25  f  5Y  *  2  ^  14Y       (AXIOM  1) 

27  n  14Y  -  5Y  (AXIOM  2) 

27  =  9Y 
27 

~=  Y  (AXIOM  4) 

3  m  Y 


29  f  9(3)  m  14(3)  "  2 
25  f  19  »  42  ^  2 
40*40 


Example  3: 


11a 


Once  more  the  problem  must  be  changed 
to  one  with  no  fractions  before  proceeding, 
by  finding  the  lowest  common  denominator* 
The  two  denominators  are  6  and  3X;  re- 
member, if  the  unknown  QC  In  this  example) 
Is  part  of  any  denominator,  it  must  be 
a  part  of  the  lowest  common  denominator* 
What  would  be  the  ^  lowest  common 
denominator  in  this  case?  Well,  6  is  the 
lowest  number  that  the  two  denominators  can 
be  divided  Into  evenly,  but  one  denominator 
has  an  unknown,  X»  This  means  the  lowest 
common  denominator  is  SX*  So  multiply 
all  terms  by  €X  to  remove  the  fractions* 


6  3X 


8X(|)  -  6X(^)  M  6X(0) 


1X(5)  -  2(1)  =  0 

5X  -  2  =  0 

Now  solve  for  the  unknown: 
5X  -  2  =  0 
5X  3  0  f  2 
5X  =  2 

X-^ 
^  '  5 


(AXIOM  1) 
(AXIOM  4) 
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Check  the  answer  by  substituting  it  for  X 
IN  THE  ABOVE  EQUATION: 

SX^  2  =  0 
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2*62.  "^our  work  In  electronlca  wlU  involve 
many  formulas  that  contain  more  than  one 
unknown  quantity.  You  must  be  able  to 
rearrange  these  formu\ad  to  find  any  quantity 
in  terms  of  the  other  quantities  involved. 


2-63.  Given  the  e<}uatlon  I  »  E/R,youmust  be 
able  to  rearrange  these  terms  to  solve  for 
E  when  given  I  and  and  solve  for  R 
when  given  I  and  E. 

2*64.  If  R  Is  the  uoknown,  the  first  step  is 
to  move  It  to  the  left  side  of  the  equation. 
To  do  thls^  use  axiom  3.  If  you  multiply 
both  sides  of  an  equation  by  the  same  value^ 
you  do  not  change  the  equality  of  the  equation. 
In  this  Instance,  multiply  both  sides  by  R. 
The  problem  will  look  like  this: 

£ 

JR  =-^X  R 

Because  R  Is  in  both  the  numerator  and 
denominator  on  the  right  side,  they  cancel 
each  other.  Therefore, 

IB  «  E 

This  is  still  not  the  solution.  You  must 
finish  with  the  R  alone  on  the  left  side.  To 
move  the  I  to  the  right  side,  use  axiom  4 
and  divide  both  sides  by  I  as  shown  here: 

IR  £ 

Now  I  Is  In  both  the  numerator  and 
denominator  on  the  l^t  side,  so  tbey  cancel 
each  other.  Tbb  solution  Is: 


REP  4-326 
Figure  2^2 

2-'69.  Next  thing  to  solve  for  is  the  numerator 
E  in  the  original  equation,  t  ^  e/r.  In  this 
problem,  multiply  both  sides  by  R: 


I X  R  -—X  R 


IR  «  E 
E  »  IB 

2-66.  Tbe  basic  formula  IsE/r  is  not  only 
the  simplest  formula  used  in  electronics^  It 
is  also  the  most  commonly  used.  What  the 
equation  actually  states  is  tlut  ctirrent  (I) 
is  equal  to  voltage  (E)  divided  by  resistance 
(R).  "When  given  any  two  of  the  three  quantltie  s, 
you  can  solve  for  the  third. 

2-67*  CONVERSION  BY  RULE  OF  THUMB. 
As  shown  in  figure  2<*2,  if  you  put  your 
thumb  over  the  unknown  quantity^  the  mathe- 
matical process  tofoUowis  clearly  Indicated. 
For  example,  if  you  want  the  equation  for 
E,  cover  the  E  vith  your  thumb. 
The  mathematical  process  to  find  E  is  then 
clearly  shown;  Its  IxR.  It  I  Is  the  unknown, 
cover  It  with  your  thumb  to  get  E/r  (E 
divided  by  R),  If  R  Is  the  unknown,  cover 
the  R  to  get  e/I  (E  divided  by  I). 

2-68.  The  rule*of-thumb  is  the  shortest 
possible  route  to  the  solution.  You  can  use 
either  method,  but  you  should  find  the  rule* 
of-thumb  process  the  quickest.  It  is  important 
for  you  to  learn  how  to  And  an  unknown. 


2-^68.  Another  formula  or  equation  which  is 
frequently  used  In  electronics  is  p  sEL 
As  you  may  have  already  suspected,  this 
formula  also  readily  adapts  Itself  to  the 
rule*of-thumb  method.  That  Is,  if  It  is 
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To  niov6  the  C,  divide  both  aides  by  C: 


REP  4-327 


Figure  2*3 


arranged  as  Bhown  in  figure  2-^3^  you  can 
find  the  unknown  by  covering  it  with  your 
thumb  and  then  performing  the  indicated 
mathematical  process.  If  P  is  the  unknown^ 
it  can  be  found  by  multiplying  E  x  I,  If 
E  is  the  unknown^  you  can  find  it  by  dividing 
P  by  I.  If  I  is  unknown,  divide  PbyE, 

2-70.  The  next  type  of  equation  is  no  more 
difficult  than  the  other  equations.  The  most 
important  thing  to  remember  is  to  apply 
whatever  axiom  is  necessary  to  get  the 
unknown  by  itself  on  the  left  side  of  the 
equation  in  the  final  solution. 

Given  the  equation  a/B  ^  C/d,  solve  for  A. 

In  order  to  leave  A  by  itself  on  the  left 
side,  multiply  both  sides  by  B. 


The  Bs  on  the  left  side  cancel  each  other. 
Therefore^ 


A  =: 


CB 


2-71.  Start  with  the  same  equation  and  solve 
for  B.  This  problem  involves  a  process 
known  as  CROSS  MULTIPUCATIOH.  In  cross 
multiplication^  multiply  the  numerator  on 
one  side  by  the  denominator  on  the  other 
side.  Do  this  for  both  sides.  It  works  like 
this  when  solving  for  B: 

B  ^  D 


Cross  multiplying  both  numerators 
denominators  results  in  the  expression: 


and 


BC  AD 


c 


2-*72.  Regardless  of  which  side  has  the 
unknown  denominator,  the  process  is  the 
same.  Cross  multiply  to  get  rid  of  the 
fraction^  and  then  divide  to  leave  the  unknown 
by  itself. 


2-73.  Given  the  equation  2  If  fCX^  >  1,  solve 
for  f.  Divide  both  sides  by  everything  on 
the  left  *  except  the  f.  Then: 


2^  fCS 

c 

2-rt  oc. 


On  the  left  side  everything  wlU  cancel  out 
except  the  f.  Therefore: 


f  = 


2-74.  Indirect  current  circuits^  the  electronic 
technician  is  concerned  with  three  values: 
voltage^  current^  and  resistance. 


2*75.  The  rule  used  to  compute  electrical 
values  is  known  as  Ohm's  Law.  As  stated, 
''The  current  in  a  circuit  is  directly  pro- 
portional to  the  applied  voltage  and  inversely 
proportional  to  the  resistance.''  Hence,  I  ^ 
E/R  where; 


E  3  Voltage-measured  in  volts  (V) 


I  =  Current-measured  in  amperes  (A) 


BC  -  AD 


R  3  Resistance- measured  in  ohms  (S2 ) 
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Figure  2-4 


REP4*32e 


2-76»  Assume  the  circuit  shown  In  figure 
2-4  Is  a  railroad  lantern*  It  consists  ol  a  6 
volt  battery,  a  switch,  and  a  lamp  with  a 
resistance  of  2  ohms*  The  problem  Is  to 
nnd  the  current  when  the  switch  Is  closed* 
I  is  equal  to  E  divided  by  R  or: 


T  E 


Substitute  the  values  for  E  and  Then: 

6  volts 


I  = 


2  ohms 


or 


1^3  amperes 


2-^77*  All  of  the  values  in  the  circuit  are 
known*  Use  the  formula  for  practice  to  prove 
each  value*  Solve  for  R»  The  formula  Is: 


E 


Substituting  values; 


or 


"  3A 
R  M  2iL 


To  solve  for  E,  the  formula  is: 

E  o  I X  R 

THEREFORE,      E  ti  3  Ax  2J1. 

or  E  3  6  V 

2*76*  The  three  forms  of  Ohm's  Law  are: 

Resistance;  RaE/l,  the  answer  is  expressed 
In  ohms* 

Current:  I^e/r,  the  answer  la  expressed 
In  amperes* 

Voltage:  EsIxR,  the  answer  Is  expressed 
In  volts* 
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Chapter  3 
PEUNCIPLES  OF  DC 


3->U  All  the  eUects  of  electricity  can  be 
explained  and  predicted  by  assuming  the 
existence  of  a  tiny  particle  called  the 
electron*  Using  the  electron  theory^  scientists 
have  been  able  to  make  predictions  and 
discoveries  which  seemed  impossible  only 
a  few  years  ago. 


3-2.  This  entire  study  of  electricity  Is  based 
On  the  electron  theory.  The  purpose  of  this 
study  is  for  you  to  learn  the  theory  of 
electricity,  ^tvhat  it  does,  and  bow  it  does  it. 
You  wiU  use  this  Information  in  studying 
various  electronic  devices,  how  they  work, 
and  how  to  repair  them.  The  electron  theory 
wlU  apply  in  this  study  to  such  things  as 
batteries,  lampSi  generators^  motors^  and 
circuits  leading  to  radio,  radar,  television, 
and  other  equipments. 


3-3.  Structure  of  Matter 

3-4.  The  electron  theory  assumes  that  all 
electrical  and  electronic  effects  are  due  to 
the  movement  of  electrons  irom  place  to 
place.  Before  working  with  electricity  and 
finding  put  what  can  cause  the  electrons  to 
move  from  place  to  place,  knowledge  of  the 
electron  itself  Is  necessary.  Because  the 
electron  is  a  part  of  the  atom,  understanding 
the  atomic  structure  of  MATTER  is  the 
starting  point. 


3-5.  By  definition,  MATTER  is  anything  that 
occupies  space  and  has  weight  or  mass. 
This  means,  of  course,  that  everything  Is 
matter.  Paper,  wood^  cloth*  air,  metal,  and 
water  are  all  examples  of  matter.  Matter 
exists  In  three  states:  SOLIDS,  LIQUIDS, 
and  GASES.  These  are  called  STATES  OF 
MATTER. 


A  piece  of  iron  is  an  example  of  matter 
In  a  SOLID  STATE. 


Water  is  an  example  of  matter  in  a  LIQUID 
STATE* 

Air  is  an  example  of  matter  tnaOASEOUS 
STATE » 


3.6,  Matter  can  be  further  classified  Into 
ELEMENTS,  MIXTURES,  and  COMPOUNDS* 
An  ELEMENT  is  matter  that  cannot  be 
broken  down  by  chemical  means*  The 
combination  of  two  or  more  elements  with 
NO  chemical  interaction  results  In  a 
MIXTURE.  COMPOUNDSarecombinationsof 
elements  which  DO  interact  chemically;  the 
elements  lose  their  original  identity,  hut 
may  be  obtained  again  through  chemical 
processes. 


3-7.  SODIUM  and  CHLORINE  are  elements* 
When  properly  combined,  these  twoelemants 
form  a  compound  commonly  known  as  table 
salt. 


3-6.  The  HYDROGENandOXYGENgasesare 
elements.  By  combining  these  two  gases, 
the  compound  water  results. 


3-0.  A  single  drop  of  water  is  a  very  small 
amount.  Sipray  this  same  drop  through  a  tiny 
nozzle  under  high  pressure  and  the  droplets 
become  too  small  to  see  individually,  but 
each  is  still  water.  The  smallest  possible 
amount  of  water  is  called  a  MOLECULE 
of  water*  The  water  molecule  can  then  be 
brcdcen  into  its  basic  elements,  hydrogen 
and  oxygen. 


3-10.  A  MOLECULE  Is  defined  as  the 
smalleet  particle  of  an  element  or  a  compound 
which  can  exist  in  a  free  state  and  atill 
be  identified  as  that  element  or  conqpound* 
An  ATOM  Is  the  smallest  particle  of  an 
element  which  still  retains  the 
characteristics  of  the  element. 
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Figure  3*1 

3-^11.  A  simple  atom  la  shown  In  figure  3-^1. 
Breaking  thlfl  atom  down  revesds  the  presence 
of  several  subparilcles.  These  Include  the 
ELECTRON,  PROTON,  and  NEUTRON.  The 
center  port  ofthe  atom  Is  caltedthe  NUCLEUS 
and  contains  the  PROTON  and  the  NEUTRON. 

3-^12.  The  proton  Ib  represented  by  a  circle 
with  a  plus  sign  to  Indicate  it  has  a  positive 
electrical  charge.  The  neutron  is  neutral 
(has  no  charge),  and  is  represented  by  a 
circle  with  no  sign.  The  electron  in  a  small 
particle  whirling  around  the  outside  of  the 
nucleus  and  is  shown  as  a  circle  with  a 
minus  sign  to  indicate  it  has  a  negative 
e  le  ct  rl  cal  charge .  The  track  which 
the  electron  travels  around  the  nucleus  is 
referred  to  as  anenergy  level,  orbit,  or  shell. 

3-^13.  A  hydrogen  atom  is  shown  in  figure 
3*2.  It  is  the  simplest  atom,  consisUng  of 
one  proton  in  the  nucleus,  and  one  electron 
in  orbit.  Since  the  two  opposite  charges 
(f  and  -}  cancel  each  other,  the  entire  atom 
Itself  is  electrically  neutral. 

3-^14.  A  carbon  atom  lsshownlnflgure3-3.lt 
contains  the  same  particles  as  the  hydrogen 
atom,  but  in  different  quantities.  The  carbon 
atom  contains  six  protons  and  six  neutrons 
in  the  nucleus,  and  six  negative  electrons 
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Figure  3-3 

in  orbit  in  two  sheila  or  energy  levels.  The 
charges  cancel  each  other  so  the  atom  Is 
electrically  neutral. 

3-15.  The  difference  between  the  atoms  is 
that  they  contain  different  numbers  of  the 
same  particles.  An  atom  is  electrically 
neutral  when  it  contains  the  same  number 
of  positive  charges  in  the  nucleus  as  it 
has  negative  charges  in  ortat*  Most  atoms 
are  electrically  neutral.  If  they  are  not 
neutral,  they  are  called  IONS. 

3-16.  An  example  of  an  ion  is  shown  in 
figure  3-4,  There  are  four  protons  in  the 
nucleus,  but  only  three  electrons  in  ort>lt. 
The  three  negative  charges  do  NOT  cancel 
the  four  positive  charges,  so  the  atom  Is  not 
neutral.  It  is  an  ION.  since  it  has  a  deficiency 
of  electrons,  it  is  called  a  POSITIVE  ION. 

3-17.  Another  example  of  an  ion  is  shown 
in  figure  3-5.  Again,  there  are  four  protons, 
but  now  there  are  five  electrons.  Having  an 
excess  of  electrons,  it  is  called  a  NEGATIVE 
ION. 

3-ie.  The  atom  in  figure  3*4  lost  one 
electron  in  order  to  become  a  positive  ion. 
Likewise,  the  atom  in  figure  3-5  gained 
one  electron  to  become  a  negative  ion. 


Figure  3-^2 


Figure  3-4 
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Figure  3-5 

3-10.  In  order  for  an  atom  to  become  an 
Ion*  It  must  lose  or  gain  electrons  In  Its 
outer  orbit  This  gain  or  loss  la  called 
Ionization*  Electrons  In  the  outer  orbit  are 
called  VALENCE  ELECTRONS.  See  figure 
3.8.  ''Valence^'  refers  to  tbe  chemical 
behavior  of  the  atom* 

3.20*  Hydrogen  combines  with  oxygen  to 
form  the  compound  water.  See  figure  3-7. 
It  Is  assumed  that  the  valence  electrons 
of  the  atoms  share  a  common  orbit  Valence^ 
tben^  refers  specifically  to  tbe  ability  of 
atoms  to  combine  through  chemical  action. 
Four  atoms  of  hydrogen  combine  to  form 
two  molecules  of  hydrogen  and  two  atoms 
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Figure  3-8 


of  oKygen  combine  to  form  one  molecule  of 
oxygen.  When  the  compound  Is  formed,  the 
atoms  of  the  elements  combine  to  form 
two  molecules  of  water:  2B2-«-02''2H20. 

3-21.  Review 

MATTER  -  Anything  that  occupies  space 
and  has  weight  or  mass. 


STATES  OF  MATTER 
and  gases. 


Solids,  liquids, 


ELEMENT  -  In  Chemistry,  a  substance 
that  cannot  .  be  broken  up  into  other 
substances  by  ordinary  chemical  changes. 


ATOMS 
OF 
ELEMENTS 


MOLECULES 

OF 
ELEMENTS 


MOLECULES 
OF 
WATER 


Figure  3-7 
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ATOM  -  The  smallest  particles  into  which 
an  element  can  be  divided. 

NUCLEUS  -  The  posltlvely*charged  central 
part  of  an  atom* 

NEUTRON  «  A  neutral  particle  found  in  the 
nucleus. 

PROTON  «  A  positively-charged  particle 
found  in  the  nucleus. 

ELECTRON  -  A  negatively- Charged  particle 
which  Is  In  orbit  around  the  nucleus. 

ION  -  An  aton:i  that  Is  not  neutral. 

POSITIVE  ION  -  An  atom  which  has  a 
deficiency  of  (lost)  electrons. 

NEGATIVE  ION  -  An  atom  which  has  an 
excess  of  (gained)  electrons. 

VALENCE  ELECTRONS  «  Electrons  in  the 
'  outer  orbit  of  an  atom. 

3-22.  Conductors*  Semiconductors*  and 
Insulators 

3-23.  In  this  study  of  electronics*  the 
association  of  matter  and  electricity  Is 
Important.  Since  every  electronic  device 
Is  constructed  of  parts  made  from  ordinary 
matter*  the  effects  of  electricity  on  matter 
must  be  well  understood.  As  a  means  of 
accomplishing  this*  all  elements  of  which 
matter  Is  made  may  be  placed  into  one  of 
three  categories:  CONDUCTORS*  SEMI** 
CONDUCTORS*  and  INSULATORS*  depending 
on  their  ability  toconductanelectrlc current* 
Conductors  are  elements  such  as  silver, 
copper*  goldf  and  aluminum*  which  conduct 
electricity  very  readily.  Insulators  oppose 
the  conduction  of  electricity.  All  matter 
between  these  two  extremes  may  be  called 
semiconductors. 

3*.24.  The  electron  theory  states  that  all 
matter  Is  composed  of  atoms  ^  the  atoms 
are  composed  of  smaller  particles  called 
protons*  electrons*  and  neutrons.  The 
electrons  orbit  the  nucleus  which  contains 
the  protons  and  neutrons.  It  Is  the  valence 


electrons  that  we  are  most  concerned  with 
In  electronics*  These  are  the  electrons  which 
are  easiest  to  break  loose  from  their  parent 
atom.  Normally^  conductors  have  three  or 
less  valence  electrons;  insulators  have  five 
or  more  valence  electrons;  and  semi, 
conductors  usually  have  four  valence 
electrons* 

3*.25*  The  electrical  conductivity  of  matter 
Is  dependent  upon  the  atomic  structure  of 
the  material  tcom  which  the  conductor  Is 
made.  In  any  solid  material  such  as  cc^per^ 
the  atoms  which  make  up  the  molecular 
structure  are  bound  firmly  together*  At 
room  temperature  copper  will  contain  a 
considerable  amount  of  heat  energy,  since 
heat  energy  Is  one  method  of  removing 
electrons  from  their  orbits^  copper  will 
contain  many  FREE  ELECTRONS  that  can 
move  from  atom  to  atom. 

3-26.  When  not  under  the  influence  of  an 
external  force*  these  electrons  move  in  a 
haphazard  manner  within  the  conduc  tor . 
This  movement  Is  equal  in  all  directions 
so  that  electrons  are  not  lost  or  gained  by 
any  part  of  the  conductor. 

3-27.  When  controlled  by  an  external  force* 
the  electrons  move  generally  in  the  same 
direction.  The  effect  of  this  movement  is 
felt  almost  instantly  from  one  end  of  the 
conductor  to  the  other.  The  electron 
movement  is  called  anELECTRIC  CURRENT. 

3-28.  Some  metals  are  better  conductors  of 
electricity  than  others.  Silver^  copper*  gold* 
and  aluminum  are  materials  with  many  free 
electrons  and  make  good  conductors.  Silver 
Is  the  best  conductor,  followed  by  copper* 
gold*  and  aluminum.  Cqpper  is  used  more 
often  than  silver  because  of  cost.  Aluminum 
Is  used  where  weight  is  a  major  consideration, 
such  as  in  high  tension  power  lines,  with 
long  spans  between  supports.  Gold  Is  used 
when  oxidation  or  corrosion  Is  a  consideration 
and  good  conductivity  Is  required*  The  ability 
of  a  conductor  to  handle  current  also  depends 
upon  Its  physical  dimensions.  Conductors 
may  be  in  ttia  form  of  bars*  tubes*  or  sheets, 
but  are  usually  in  the  form  of  "wire. 
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3-29,  Nonconductors  havefewfree  electrons. 
These  materials  are  called  INSULATORS. 
Some  examples  of  tUs  type  material  are 
rubber^  plastic,  enamel,  glass,  dry  wood, 
and  mica.  Just  as  there  are  no  perfect 
conductors^  neither  Is  there  a  perfect 
Insulator, 

3-^30,  Some  materials  are  neither  good 
conductors  nor  good  insulators,  since  their 
electrical  characteristics  fall  between  those 
of  conductors  and  Insulators,  These  In- 
between  materials  are  classified  sis  SEMI- 
CONDUCTORS, Germanium  and  silicon  are 
two  common  semiconductors  used  in  solid 
state  devices, 

3-31,  Another  way  to  look  at  this  subject 
Is  from  the  resistivity  point  of  view, 
Ol^osition  to  the  flow  of  electrical  current 
due  to  the  type  of  material  used  is  called 
RESISTIVITY,  The  resistivity  of  a  material  is 
Inversely  proportional  to  the  number  of 
free  electrons  available  in  a  unit  specimen 
of  the  material.  The  reciprocal  of  resistivity 
is  conductivity^  the  ability  of  material  to' 
conduct  electric  current.  Refer  to  figure  3^8 
for  a  better  understanding  of  the  relationship 
of  the  materials  wtiich  we  have  discussed* 


3-32,  Review 

A  conductor  is  any  material  that  has 
many  free  electrons.  Silver,  copper,  gold, 
and  aluminum  are  examples.  Copper  Is  the 
most  commonly  used. 

An  INSULATOR  Is  a  material  with  few 

free  electrons.  Rubber^  mica,  glass^  dry 

wood,  and  plastics  are  examples  of  good 
insulators. 


SEMICONDUCTORS  are  materials  with 
some  free  elections.  Their  resistivity  and 
conductivity  fall  between  Insulators  and  con- 
ductors. Germanium  and  silicon  are  examples 
of  semiconductors  used  in  transistors. 


3-33,  Charged  Bodies 

3-34,  The  study  of  electrostatics  Is  the 
study  of  electricity  at  rest.  The  forces 
between  electric  particles  can  be  bbserved 
experimentally  and  measured.  Fundamental 
laws  that  govern  these  forces  have  been 
derived  and  stated.  This  text  discusses 
these  laws,  the  conduction  and  induction 
process  of  charginganobject,  the  distribution 
of  charges  on  an  Object,  and  the  definition 
of  a  COULOMB, 


3-35,  The  LAW  OF  ELECTRIC  CHARGES 
states; 

LIKE  CHARGES  REPEL  EACH  OTHER. 

UNLIKE  CHARGES  ATTRACT  EACH 
OTHER, 

3-36,  An  ELECTRIC  CHARGE  may  be  any 
one  of  the  foUowlng; 

An  ELECTRON  -  a  unit  negative  charge, 

A  PROTON  -  a  unit  positive  charge, 

A  GROUP  OF  ELECTRONS  -  equal  in  negative 
charge  to  the  number  otelectronspresenC 

A  GROUP  OF  PROTONS  -  equal  in  positive 
charge  to  the  number  of  protons  in  the 
group. 
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A  NEOATIVE  ION  «  an  atom  that  has  gained 
electrons* 


A  POSITIVE  ION  -  an  atom  that  has  lost 
electrons.  It  has  a  positive  charge  equal 
to  the  number  of  electrons  lost* 


3*38*  An  example:  U  electrons  are  taken 
away  from  a  pith  ball^  the  entire  ball  be- 
comes positively  charged.  Add  electrons  and 
the  pith  ball  becomes  negatively  charged* 
A  substance  is  always  In  one  of  three  electrical 
conditions:  positive^  negative^  or  neutrah 


3-37.  The  electron  Is  the  basic  unit  of 
electric  charge.  An  atom  with  an  equal 
number  of  electrons  and  protons  is  NEUTRAL. 
We  assume  the  number  of  protons  remains 
constant.  The  tree  electrons,  however,  may 
move  and  carry  their  negative  charge  from 
atom  to  atom.  The  atom  they  leave  becomes 
POSITIVELY  charged  and  the  atom  they 
Join  becomes  NEGATIVELY  charged.  This 
can  be  seen  In  figure  3-9.  An  atom  becomes 
charged  when  It  either  gains  (or  loses) 
electrons.  Substances  contain  atoms^  there^ 
fore  substances  may  also  become  charged. 


3.39.  Charged  substances  either  attract  or 
repel  each  other*  Consider  a  pith  ball  that 
Is  positively  charged.  Place  It  near  one  which 
Is  negatively  charged,  and  they  will  attract 
each  other.  Figure  3-10.  It  the  balls  are 
free  to  move^  they  wlUcome  closer  together. 
It  the  balls  are  not  free  to  move»  the  force 
of  attraction  stiU  exists  between  them 
due  to  their  unlike  charges. 


3-40.  The  attraction  Is  caused  by  the 
ELECTRIC  FIELD  between  the  excess 
protons  in  one  pith  ball  and  excess  electrons 
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Figure  3-9 
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Figure  3-^10 


Figure  3-11 


In  the  other  pith  ball.  An  electric  field 
is  composed  of  unseen  lines  of  force  which 
radiate  In  all  directions* 


The  force  Is  directly  proportional  to  the 
strength  of  the  charges  and  inversely  pro- 
portional to  the  square  of  the  distance 
between  the  charges. 


3-41,  Pith  balls  with  the  same  charge  repel 
each  other  as  shown  In  figure  3«11* 


3-42.  COULOMB'S  LAW  OF  CHARGED 
BODIES.  A  tQT6e  at  REPULSION  always 
exists  between  LIKE  CHARGES  due  to  their 
electric  fields.  Thus,  If  an  electron  Is  placed 
close  to  another  electron,  they  will  repel 
each  other  without  coming  into  contact.  The 
force  of  this  repulsion  or  attraction  is  related 
to  the  distance  between  the  charged  bodies. 


3-43.  The  unit  of  electrical  charge  Is  the 
COULiOMB*  One  coulomb  equals  6.2Bxl0l6 
electrons. 


3-44*  CHARGING  AN  OBJECT.  Friction  Is 
one  method  of  producing  a  static  charge. 
Rub  a  glass  rod  with  a  piece  of  slUc  and 
friction  produces  a  positive  charge  on  the 
rod.  Rub  a  rubber  rod  with  a  piece  of 
cat's  fur  and  friction  produces  a  negallve 
charge « 


35 


ERLC 


348 


UNCHARGED  BAR  TEQUAL  NUMBER 
OF  PROTONS  AND  ELECTRONS) 
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Figure  3-12 


3*45.  Another  method  of  charging  an  6bject 
Is  through  conduction.  See  figure  3*12.  Touch 
a  positively  charged  rod  to  an  uncharged 
metal  bar  and  the  charge  on  the  rod  i^ll 
attract  electrons  in  the  bar  to  the  POlnt 
of  contact.  Some  ^  these  electrons  ivlll 
leave  the  bar  and  enter  the  rod.  The  bar 
has  become  positively  charged.  A  static 
charge  has  been  transferred  through  actual 
contact.  This  Is  the  CONDUCTION  method 
of  charging  an  6bject. 

3*46.  Another  way  to  charge  an  object  Is 
through  inducticm.  Bring  apositlvely  charged 
rod  near  the  bar  (figure  3-*13).  Electrons  in 
the  bar  are  attracted  to  the  point  nearest 
the  rod.  Electrons  accumulate  at  that  point 
leaving  a  positive  charge  elsewhere  on  the 


bar.  Allowing  electrons  from  ^  outside 
source  (your  linger,  for  Instance)  to  enter 
the  positive  end  of  the  bar  gives  the  bar 
a  negative  charge.  The  bar  has  become 
charged  even  though  the  rod  did  not  touch 
it.  This  is  known  as  the  INDUCTION  method 
of  charging  an  6bject. 

3*47.  In  one  example,  the  <^ect  received 
a  positive  charge.  In  the  other  example,  the 
object  received  a  negative  charge. 

3*46.  Methods  of  neutralizing  a  charge. 
Figure  3*14  shows  the  examples  of  static 
discharge  between  charged  bodies;  through 
a  conductor*  by  actual  contact,  and  through 
3U1  arc* 
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OUTSIDE  SURFACE  CHARGED  EVENLY 

Figure  3*15 

3.49.  Dlatrl^tion  of  Charges.  A  negative 
charge  has  been  placed  on  tbe  hollow  metal 
sphere  shovm  In  figure  3-15.  When  the 
sphere  Is  tested  with  an  electrostatic 
detector  I  It  Is  found  that  the  charge  has  spread 
out  evenly  over  the  surface. Thisdlstrlbutlon 
Is  explained  by  the  conductivity  of  the  metal 
sphere^  and  the  mutual  repulsion  of  electrons. 
Although  the  sphere  Is  made  of  conducting 
materlali  the  entire  charge  Is  evenly 
distributed  on  the  OUTSIDE  surface.  The 
Inner  surface  contains  little  or  no  charge. 

3wS0.  A  negative  charge  placed  on  an  Qblect 
uvlth  Irregular  shape  Is  no  longer  evenly 
distributed.  See  figure  3-16.  The  charge  will 
be  concentrated  at  the  points  or  sharpest 
curves  of  the  oblect. 


3-51.  Review 

3-52.  Electrically^  a  body  ivlU  be  positive^ 
negative,  or  neutral*  Bodies  with  unlike 
charges  attract  each  other.  Bodies  ivlth 
like  charges  repel  each  other*  The '  'coulomb'^ 
is  equal  to  6.28x101*^  electrons  and  Is 
the  basic  unit  of  measure  for  electrical 
charge. 

3*53.  Friction,  induction,  and  conduction  are 
methods  of  charging  an  oblect.  The  charge 
is  distributed  evenly  on  the  outelde  surface 
of  a  sphere.  The  charge  Is  concentrated 
at  the  points  of  an  Irregularly  shaped  object. 


GREATEST 
CHARGE  — HCE: 


Figure  3*16 

3-64.  Fundamentals  of  Direct  Current 

3-55.  Previously  a  conductor  was  defined 
in  terms  of  its  atomic  structure.  It  was 
stated  that  a  good  conductor  Is  a  material 
with  many  free  electrons.  The  electric 
field  around  an  electron  causes  It  to  repel 
other  electrons  without  touching  them. 
Now  let's  take  a  good  conductor  amd  pay 
particular  attention  to  the  free  electrons  In 
it. 

3-56.  A  copper  conductor  has  many  free 
electrons.  See  figure  3*17*  The  free 
electrons  are  evenly  distributed  In  the 
conductor  and  are  moving  about  in  a  random 
manner. 

3*57.  If  positively  amd  negatively  charged 
rods  are  placed  as  shown  In  figure  3-18, 
an  electric  field  will  exist  between  the  ends 
of  the  conductor.  The  negatively  charged  rod 
will  repel  the  electrons  in  the  conductor 
while  the  positively  charged  rod  attracts 
these  electrons.  The  movement  of  the  free 
electrons  wlH  no  longer  be  totally  random* 
There  will  be  movement  (drift)  of  free 
electrons  toward  the  positive  rod*  Some 
electrons  will  enter  the  conductor  from  the 
negative  rod  and  leave  the  conductor  to 
enter  theposltive  rod.  Thisdrift  or  movement 
of  electrons  we  defined  aa  c\irrent  flow  or 
electric  current.  The  charge  on  the  negative 
rod  was  used  as  a  sivply  of  electrons. 


Figure  3-17 
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Figure  3-18 


ERIC 


38 


or: 


51 


CHEMICAL  ACTION 
FORCES  ELECTRONS 
TO  NEGATIVE  PLATE 


Figure  3-19 

3<-S6.  Take  another  example^  this  time  using 
an  automobile  battery  as  our  source  of 
electrons.  See  figure  3-19.  Chemical  action 
Inside  the  battery  causes  an  excess  of 
electrons  at  the  negative  terminal  and  a 
deficiency  of  electrons  at  the  positive 
terminal. 

3-59.  It  a  conductor  is  connected  between 
the  terminals  of  the  battery,  the  positive 
and  negative  forces  cause  the  movement  of 
electrons^  The  excess  electrons  at  the 
negative  terminal  repel  electrons  and  the 
deficiency  of  electrons  at  the  positive 
terminal  attracts  electrons;  an  electron 
flow  results  and  this  electron  flow  Is  called 
an  ELECTRIC  CURRENT.  Our  battery  in 
figure  3^20  has  caused  a  current  now 
through  the  conductor. 

3^60.  This  movement  of  electrons  Is  a  chain 
reaction  that  occurs  almost  simultaneously 
throughout  the  conductor^  Try  not  to  think 
of  current  flow  in  terms  of  an  individual 
electron  leavingthe  negative  terminal  movlDg 
through  the  conductor  and  back  into  the 
positive  terminal.  But  think  of  current  flow 
as  the  progressive  movement ofanelectrlcal 
charge  from  one  point  to  another  point 
For  every  electron  which  moved  OUT  from 
the  negative  terminalt  an  electron  moved 
IN  to  the  positive  terminal. 

3^61,  When  an  electron  leaves  the  negative 
terminal^  It  Immediately  repels  a  free 
electron  already  in  the  wire.  See  figure 
3-2L  This  free  electron  repels  another 
free  electron^  etc.  A  chain  reaction  takes 
place  throughout  the  entire  conductor.  At 
nearly  the  same  time  that  an  electron  was 


CONDUCTOR 


Figure  3-20 


leaving  th«  negative  terminal,  a  ftee  electron 
was  pulled  off  the  conductor  by  the  positive 
terminal.  The  effect  Is  almost  Instantaneous 
throughout  the  conductor.  The  effect  of 
electron  flow  approaches  the  speed  of  lights 
approximately  300x10^  meters  per  second. 

3-62.  We  have  now  satisfied  our  statement 
that  when  the  random  movement  of  free 
electrons  in  a  conductor  Is  altered  to  cause 
the  electrons  to  move  generally  In  the  same 
direction,  electronflow  results.  The  direction 
taken  by  the  electrons  in  figure  3-21  Is 
from  the  negative  terminal  to  the  positive 
terminal^  through  the  conductor.  Chemical 
action  inside  the  battery  causes  electrons 
to  move  from  the  positive  terminal  to  the 
negative  terminal.  This  Is  the  hasls  of 
the  electron  theory.  Electrons  always  move 
from  NEGATIVE  to  POSITIVE  In  the 
EXTERNAL  circuit  and  from  POSITIVE  to 
NEGATIVE  inside  a  voltage  source. 


POSITIVE  TtRMlNAL 
PULLS  ELECTRON  OFF 


Figure  3^21 
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Figure  3-22 

3-63 .  Note  that  the  terms  positive  and 
negative  are  only  relative*  Using  zero  as 
a  reference,  as  shown  in  figtire  3*22»  every- 
thing above  zero  is  positive  and  everything 
below  zero  Is  negative  with  respect  to  the 
reference  (zero)*  However,  5  below  0  Is 
positive  with  reject  to  10  below  0«  Likewise, 
5  above  0  Is  negative  with  respect  to  10 
above  0.  The  terms  positive  and  negative 
may  mean  different  things  to  different  people, 
but  to  the  electronics  man,  they  mean 
either  a  shortage  (positive)  or  an  excels 
(negative)  of  electrons. 

3-64.  Since  there  Is  a  difference  in  the 
quantity  of  electrons  between  the  twobattery 
terminals,  we  can  say  a  potential  difference 
exists.  See  figure  3-23.  It  a  conductor  Is 
connected  between  the  terminals,  the  excess 
electrons  on  the  negative  post  flow  toward 
the  positive  post  where  there  Is  a  shortage 
of  electrons.  In  order  to  have  electron 
flow,  there  must  be  a  potential  difference, 
a  conductor,  and  acomplete  path(continulty). 
Electron  flow  can  l>e  measured  as  a  quantity 
of  electrons  moving  past  a  given  point 
through  a  conductor  in  a  given  period  of 
time. 

3*65.  The  unit  for  electron  flow  is  the 
AMPERE,  and  electron  flow  Is  called 
CUHRENT.  One  ampere  of  current  Is  flowing 
when  1  coulomb  of  electrons  passes  a  point 
in  a  conductor  In  1  second;  2  amperes  flow 
when  2  coulombs  pass  per  second,  and  soon. 
There  are  6.28xl0*'8electrons  In  I  COULOMB. 
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Figure  3-23 

3*6$.  Ampere  refers  to  the  Intensity  of 
the  current  flow  in  a  conductor.  The  standard 
symbol  for  current  ts  "I."  Electrical  energy 
is  required  to  move  electrons  from  one 
point  to  another  point.  This  electrical  energy 
or  potential  difference  is  called  ELECTRO* 
MOTIVE  FORCE  (EMF)  and  Is  the  force 
(pressure)  which  causes  current  flow.  (Con* 
slder  EMF  as  an  "Electron  Moving  Force.") 


3-87.  Electromotive  Force  is  equal  to  the 
potential  of  the  electrical  charge  and  Is 
expressed  In  volts.  An  electric  charge, 
whether  positive  or  negative,  Ig  a  reserve 
of  energy.  This  reserve  energy  is  potential 
energy  as  long  as  it  Is  not  being  used.  The 
potential  energy  of  a  charge  is  equal  to  the 
amount  of  work  done  to  create  the  charge 
and  the  unit  of  measure  Is  the  volt.  The 
symbol  used  for  the  volt  la  "V"  and  the 
symbol  used  for  EMF  Is  "E".  When  two 
charges  e^dst,  the  electromotive  force 
between  the  charges  is  equal tothe  difference 
In  potential  of  the  two  charges.  Since  the 
potential  of  each  charge  Is  expressed  In 
volts,  the  difference  In  potential  is  also 
expressed  In  volts. 


3*68.  Voltage,  or  a  difference  In  potential, 
e^dsts  between  any  two  charges  which  are 
not  equal.  Even  an  uncharged  body 
has  a  potential  difference  with  respect  to 


a  charged  body;  It  l«  positive  with  respoct 
to  a  negative  charge  and  negative  with 
respect  to  a  positive  charge.  A  potential 
difference  exists  between  two  unequal 
positive  charges  or  between  two  unequal 
negative  charges*  ThuSt  potential  difference 
or  voltage  Is  purely  relative  and  Is  not 
used  to  express  the  actual  amount  of  charge 
but  rather  to  compare  one  charge  to  another 
and  Indicate  the  electromotive  force  between 
the  two  charges  being  compared.  M^ienever 
two  points  ol  unequal  charge  are  connected^ 
as  Current  flows  from  the  more  negative 
to  the  more  positive  charge.  The  greater 
the  EMF  or  voltage  between  the  charges* 
the  greater  the  amount  of  current  flow^when 
all  other  things  remain  constant. 


3-&9.  Let's  examine  five  common  ways  to 
generate  an  EMF*  One  method  is  to  convert 
mechanical  energy  into  electrical  energy* 
Examples  include  the  belt'-drlven  alternator 
on  your  car,  heavy  dlesel-drlven  generators 
used  on  railroad  locomotives,  and  waterfall" 
driven  turbines  which  Impel  the  generators 
of  hydroelectric  installations*  Chemical 
action  (battery)  is  the  second  method  of 
producing  an  EMF*  The  dry  CeU,  like  the 
one  In  your  transistor  radio^  or  a  wet  ceU, 
like  the  one  used  In  your  car,  produces 
an  EMF  by  chemical  action*  A  third  method 
is  the  production  of  an  EMF  by  the  thermo* 
electric  effect  (heat)  such  as  applying  heat 
to  two  dissimilar  metals.  This  principle 
tias  an  importantappUcatlonasatemperature 
Indicating  device  called  a  thermocouple. 
The  photoelectric  effect  (light)  Is  the  fourth 
method  used  to  produce  an  EMF* 
When  light  strikes  a  light-sensitive  surface, 
called  a  photocatbode,  electrons  wlU  be 
emitted  from  the  sensitive  surface*  A 
television  camera  pickup  tut)e  uses  the 
photoelectric  method  of  producing  an  EMF* 


3-70*  A  fifth  method  of  generating 
an  EMF  uses  the  piezoelectric  effect*  Certain 
Ionic  crystals  generate  a  voltage  whenever 
stress  Is  applied  to  their  surfaces.  Thus, 


If  a  crystal  of  quartz  Is  squeezed^  a  voltage 
will  appear  between  two  opposite  aurfaces 
of  the  crystal*  If  the  force  Is  reversed* 
the  voltage  will  reverse  polarity*  Quartz 
or  similar  crystals  can  thus  be  used  to 
convert  mechanical  energy  Into  electrical 
energy*  This  phenomenon  Is  called  the 
PIEZOELECTRIC  EFFECTt  These  crystals 
also  have  the  ability  to  convert  electrical 
energy  into  mechanical  energy*  A  voltage 
impressed  across  the  opposite  surfaces  ol 
the  crystal  will  cause  It  to  expand  or 
contract  in  response  to  the  voltage  applied* 


3-7L  To  review  what  you  have  found  out 
about  Current  and  voltage^  consider  some  of 
the  Important  facts  you  have  studied: 

A  potential  difference  exists  betweenpolnts 
of  unequal  charge. 

Current  flow  Is  always  from  negative  to 
positive  in  the  external  circuit 

The  ampere  (A)  Is  the  practical  unit  of 
Current* 

The  symbol  for  current  Is  "i/' 

EMF  (E)  is  the  same  as  potential  difference 
and  is  essential  for  current  flow* 

The  volt  (V)  Is  the  practical  unit  of 
EMF. 

The  symbol  for  voltage  is  *T*" 

Five  common  sources  of  EMF  are 
mechanical,  chemical,  thermoelectric,  photo- 
electric, and  piezoelectric  effects* 

3*72.  Resistance  and  Resistors 


3-73.  Another  aspect  of  electronics  Is  re- 
sistance* The  opposition  to  current  flow  is 
known  as  resistance  (R)*  The  unitof  measure 
of  resistance  Is  the  OHM*  The  symbol  used 
to  represent  the  ohm  Is  the  Greek  letter 
omega  (51)*  "Rt"  for  example,  might  equal 
2Sl,  5Sl,  mOSlf  etc.,  with  the  ohm  being 
the  practical  unit  of  measure  forreslBtance. 
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Table  3-1 


RESISTANCE  COMPARISON 


Figure  3*24. 
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3-74*  How  much  oppoalUon  is  1  ohm 
resistance?  See  flgiure  3-24.  A  conductor  Is 
connected  between  the  negative  and  positive 
terminal  of  a  battery*  It  1  volt  of  pressure 
causes  1  ampere  of  current  to  flow,  there  Is 
1  ohm  of  resistance  In  the  conductor. 


3-75.  Experiments  prove  that  the  same 
voltage  applied  to  specimens  of  dlUerent 
materials  having  exactly  the  same  physical 
dimensions  wlU  produce  different  values  of 
electrical  current.  Similarly,  if  a  fixed 
voltage  Is  applied  to  specimens  of  the  same 
material  having  different  physical 
dimensions  (length  and  diameter),  the 
resulting  electrical  current  wlUbe  different. 
On  the  basis  of  these  effects,  you  can  see 
that  for  a  fixed  voltage,  the  amount  of 
current  flowing  through  any  material  d^ends 
on  the  type  of  sutbstance  and  the  physical 
dimenslcms  of  the  material.  Further 
Investigation  has  shown  that  the  ratio  of 
voltage  to  current  for  any  type  of  material 
Is  a  constant  which  depends  on  the  material 
and  Its  physical  dimensions.  Opposition  to 
the  movement  of  electrons  throu^  a 
substance  Is  called  RESISTANCE;  It  can  be 
used  to  regulate  both  the  movement  of 
electrons  and  the  forces  acting  on  these 
electrons  as  they  move  from  point  to  point 
within  a  conductor.  Another  factor  that 
determines  current  flow  is  the  temperature 
of  the  conductor. 


RELATIVE 

SUBSTANCE 

RESISTANCE 

Silver  (Standard) 

1.0 

Copper 

1.08 

Gold 

1.5 

Aluminum 

1.8 

Tungsten 

3.5 

Braes 

4.8 

Steel 

Nlchrome 

64.8 

3-78.  MATERIAL.  The  material  of  which  an 
object  Is  made  affects  Its  resistance.  The 
eas«  with  which  different  materials  give  up 
their  valence  electrons  Is  the  determining 
factor. 

3-77.  Table  3.1  compares  the  resistance  of 
some  common  m<iteriais.  Silver  has  the  least 
resistance.  Copper  and  aluminum  most 
often  used  for  conductors  duetocostfactcrs. 
Nlchrome  has  the  highest  resistance  and  Is 
used  in  heater  elements. 

3-78.  LENGTH.  The  next  factoraffectingthe 
resistance  of  a  conductor  Is  Its  length. 
The  longer  the  lengthy  the  greater  the 
resistance.  The  shorter  the  length,  the 
lower  the  resistance.  An  example:  It  a 
piece  of  copper  wire  1,000  feet  long  and 
having  a  resistance  of  6  ohms  Is  increased 
to  2,000  feet,  the  resistance  would  Increase 
to  12  Ohms.  THE  RESISTANCE  OF  A 
CONDUCTOR  IS  DIRECTLY  PROPOR- 
TIONAL TO  ITS  LENGTH. 

3-'7fi.  DIAMETER  OR  CROSS-SECTIONAL 
AREA.  Another  factoraffectingthe  resistance 
of  a  conductor  is  Its  cross-sectional  area. 

3-80.  To  understand  what  cross- sectional 
area  means,  Imaglneawire  cleanly  cut  across 
any  part  of  Its  length.  The  area  of  the  cut 
face  of  the  wire  Is  the  cross- sectional  area. 
The  greater  tills  area*  the  lower  the 
resistance  of  the  wire.  The  smaller  this 
area*  the  higher  the  resistance  of  the  wire. 


3*81.  An  Mample:  A  piece  of  copper  wire 
with  a  croas«»aectlonal  area  of  *1  square  cm 
has  a  rOAlotance  of  6  ohmfl*  Doubling  the 
cross* dec tlonal  area  to  square  cm  will 
decrease  the  resistance  to  3  ohms^  or 
one*haU  of  Its  original  value.  Thus^  the 
RESISTANCE  OF  A  CONDUCTOR  IS 
INVERSELY  PROPORTIONAL  TO  ITS 
CROSS-SECTIONAL  AREA. 

3'.82.  TEMPERATURE.  The  final  factor 
affecting  the  resistance  of  a  conductor  is 
Its  temperature.  For  most  materials,  the 
hotter  the  material,  the  more  resistance  It 
offers.  The  colder  the  material,  the  less 
resistance  It  offers.  The  amount  of  change 
of  resistance  per  unltchange  in  temperature 
Is  known  as  the  TEMPERATURE  CO. 
EFFICIENT.  If  an  Increase  In  temperature 
causes  the  resistance  to  increase*  the 
material  Is  said  to  have  a  POSITIVE 
TEMPERATURE  COEFFICIENT.  Amaterlal 
whose  resistance  decreases  with  an  Increase 
In  temperature  has  a  NEGATIVE 
TEMPERATURE  COEFFICIENT. 

3-83.  Conductors  are  an  important  part  of 
electrical  equipment.  A  good  conductor 
Introduces  very  little  resistance.  However,  a 
component  to  which  the  conductor  is  connected 
may  offer  a  lot  of  resistance.  One  of  these 
high-^reslstance  components  Is  called  a 
RESISTOR. 


MOUNTING  BRACKET 


Figure  3-25 


Figure  3-26 


The  ends  of  the  wire  are  attached  to  metal 
terminals.  A  coating  Is  ajqiUed  to  the  wire 
to  protect  It  and  conduct  heat  away.  Figures 
3-25,  3*26  and  3*27  Illustrate  some  typical 
wire-wound  resistors* 

3*86»  Wire-wound  resistors  may  have  fixed 
or  adjustable  taps  which  can  be  used  to 
change  the  resistance  value*  See  figure  3*26* 


3*84.  A  resistor  Is  a  physical  device  used 
to  introduce  a  desired  amount  of  opposition 
to  current  flow  in  an  electrical  circuit. 
The  purpose  of  this  resistor  Is  to  control 
the  amount  of  current  flow  in  that  circuit* 
There  Is  a  certain  amount  of  resistance  in 
all  electrical  ctrcults.  If  this  resistance 
Isn't  high  enough  to  reduce  the  flow  to  the 
destred  amount*  then  a  resistor  Is  added 
into  the  circuit* 

3-85*  Electronic  equipments  use  a  wide 
variety  of  resistors*  Some^  have  a  fixed* 
resistance  value. and „ others, are  variable*. 
Resistors  are  made  of  resistance  wire* 
metal  film  or  carbon.  Wlre*wound  resistors 
are  used  to  control  large  amounts  of  current. 
Wlre*wound  resistors  are  constructed  by 
windins  resistance  wire  on  a  porcelain  base. 


3*87.  Precision  wlre'-wound  resistors^ 
Illustrated  in  figure  3*27,  are  used  wher. 
the  resistance  value  must  be  very  accurate, 
such  as  in  test  Instruments. 


Figure  3-27 
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CARBOM  RESISTORS 
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Figure  3-^28 


3^88.  Carbon  resistors  are  constructed  of 
a  ro4  of  compressed  graphite  and  a  binding 
material.  Wire  laada  are  attached  to  each, 
end  of  the  rod.  The  rod  is  then  covered 
with  an  Insulating  material.  See  figure  3-^28. 

3-^89,  Often  a  change  in  resistance  Isneeded 
while  the  equipment  Is  in  operation.  To  do 


this*  both  carbon  and  wlr6- wound  VAHI ABLE 
roAlatora  have  been  designed:  Wire-wound 
variable  resistors^  figure  3«  20^  arc 
constructed  by  winding  resistance  wire  on  a 
porcelain  orbakellte  circular  f(»rin.  A  contact 
arin»  which  can  be  adjusted  to  any  position 
on  the  circular  form*  is  connected  to  a 
rotating  shaft  A  lead  connected  to  this 
movable  contact  arm  Is  used  with  one  or 
troth  of  the  end  leads  to  vary  the  resistance. 

3*fiO»  For  controlling  small  currents^  carbon 
variable  resistors  are  uaed#  figure 
3-^30»  They  are  constructed  by  depositing 
a  carbon  compound  on  a  circular  fiber 
disk*  A  variable  sliding  contact  is  connected 
to  a  rotating  shaft  and  varies  the  resistance 
as  the  ^aft  Is  turned. 


3-01.  A  variable  resistor  (figure  3-30)  has 
an  advantage  over  the  adjustable  resistor 
(figure  3-28).  The  value  of  the  variable 
resistor  may  be  changed  while  the  equipment 
is  in  operation.  Power  must  be  turned  off 
to  change  the  value  of  the  adjustable  resistor. 


\.  VARIABLE  CONTAa  TERMINAL  4. 

2.  VARIABLE  SLIDER  CONTAa  5. 

3,  ENO  TERMINALS  6. 


COVER 

RESISTANCE  ELEMENT 
ROTATING  SHAFT 


Figure  3-20 
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1,  VARIABLE  CONTACT  TERMINAL 

2,  END  TERMINAL 

3,  RESISTANCE  ELEMENT 


4,  COVER 

5,  SLIDER  CONTACT 

6,  ROTATING  SHAFT 

Figure  3-30 
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3-92.  A  SCHEMATIC  la  a  circuit  dla^am 
^ch  uaes  symbols  to  represent  compODents, 
Figure  3-31  shows  the  schematic  symbols 
for  several  resistors, 

3.93.  Basic  Circuit  3ymbols  and  Components 

3-94,  You  have  seen  that  current  flow  Is 
present  when  a  conductor  Is  connected 
between  two  charged  bodies.  In  figure  3-32 
the  charged  bodies  are  the  two  battery 
terminals. 


to  positive  through  the  conductor.  This  is 
not  a  practical  circuit.  The  conductor  will 
sbortout  the  battery  and  render  It  useless. 


3*96.  Some  means  must  t>eempIoyedlnorder 
to  prevent  this  SHORTING-OUT  of  the  power 
source.  Any  electronic  device  that  offers 
resistance  to  current  flow  may  be  used. 
Obviously,  apracticaldevlcemustaccompllsh 
a  specific  lob,  such  as  ring  a  beU,  or  light 
a  bulb. 


3-95.  When  a  conductor  Is  placed  between 
the  terminals^  current  flows  from  negative 
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Figure  3-31 
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3-97.  There  are  three  basic  requirenents 
of  a  practical  circuit: 


1  ^  

     1 

m  iTTi 
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Figure  3-33 


a,  EMF  source 

b,  Conductor 

c,  Resistor  or  power  dissipatltig  devices 
(bell,  lamp,  etc.). 

Figure  3-33  shows  a  practical  circuit  which 
meets  these  requirements.  The  resistance 
of  the  lamp  limits  current  How  and  prevents 
a  short  circuit-  At  the  same  time,  It  wlU 
accomplish  a  desiredfunctlon-creating light 

3-98,  Figure  3*34  shows  the  schematic 
representation  of  figure  3*33.  Note  that 
symbols,  rather  than  pictures  are  used  to 
represent  the  electronic  components-  All 
electronic  components  have  a  symbol  and 
you  must  be  able  to  recognize  the  symbol 
and  relate  It  to  the  proper  component- 

3-99-  Let's  take  a  look  at  a  few  basic 
circuit  symbols-  See  f^S^re  3*35. 

FDCED  RESISTOR*  Asetantountof opposition 
to  current  flow  in  a  circuit-  It  Is  the 
most  commonly  used  resistor  and  Is 
available  In  a  wide  range  of  ohmlc  values. 

TAPPED  RESISTOR  -  One  resistor  can  be 
used  to  6btain  different  amounts  of 
opposition.  Usually  a  wire*wound  device- 

RHEOSTAT  Type  of  variable  resistor. 
Usually  wire*wound  and  available  in  only 
low  ohmic  values-  Carbon  types  are  avail- 
able In  a  wide  range  of  values* 

POTENTIOMETER  -  Type  Of  variable 
resistor.  Usually  made  of  carbon  and 
available  In  a  wide  range  of  obmic  values- 


LAMP 


H  CONDUCTOR~| 


-BATTERY 


Figure  3*34 

BATTERY  -  A  device  which  converts 
chemical  energy  to  electrical  energy.  In 
the  single  cell  battery,  the  short  line 
represents  the  negative  terminal  and  the 
longer  line  represents  the  positive 
terminal-  The  multicell  battery  consists 
of  two  or  more  cellslnseries- The  negative 
terminal  of  one  cell  Is  connected  to  the 
positive  terminal  of  another  cell  and  so  on* 

GR0U14D  -  Point  in  a  circuit  used  as  a 
common  reference  point  from  which 
voltages  are  measured.  Voltages  may 
be  either  positive  or  negative  wlthrespect 
to  ground-  You  are  probably  familiar  with 
the  electrical  ground  on  an  automobile; 
the  chassis  is  the  common  reference  point. 


VOLTMETER 
In  volts- 


Used  to  measuie  voltage 


AMMETER  -  Used  to  measure  current  flow 
in  amPeres* 


OHMMETER 
In  ohms. 


Used  to  measure  resistance 


ROTATING  MACHINES  *  Ageneratorlsused 
to  convert  mechanical  energy  to  electrical 
energy  and  a  motor  Is  used  to  convert 
electrical  energy  to  mechanical  energy. 


SWITCH  ■*  Used  as  z  circuit  controlling 
device  or  simply  a  means  of  turning 
the  circuit  power  ON  and  OFF*  There 
are  numerous  switch  combinations*  The 
three  Ulustratedr;;here  include  the  SPST 
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i 
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TAPPED  POTENTIOMETER 
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^GEN^  ^MO^ 

GENERATOR  MOTOR 
ROTATING  MACHINES 


VOLTMETER 


AMMETER  OHMMETER 


FUSE 


SPST 


GROUNO  TERMINAL 


POLARIZEO  CONNECTOR 


NOT  CONNECTED  CONNECTED 
CROSSED  WIRES 


Figure  3-35 


(single-pole  jiingle-throw),  SPDT  (single- 
pole  double-throw)  and  tbe  DPDT  (double- 
pole  double-throw)  switches. 

LAMP  *  Used  as  a  load  device  or  to  provide 
a  visual  indication  of  current  flow. 

FUSE  -  Used  as  a  protective  device  for  the 
circuit  in  which  it's  located.  Protects 
against  excessive  current  flow. 

CROSSED  WIRES  NOT  CONNECTED  -  No 
dot  at  the  Junction  ^ere  the  wires  cross. 


CROSSED  WIRES  CONNECTED  -  Indicated 
by  a  dot  at  the  Junction  where  the  wires 
cross  or  join. 


POLARIZED  CONNECTORS  -  Always  used 
in  DC  (direct  current)  circuits.  May 
be  used  in  AC  (alternating  current) 
circuits.  Ineither  case  the  larger  terminal 
on  the  male  plug  and  the  larger  opening 
in  the  female  plug  is  always  the  ground 
terminal. 
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3-102.  Fude.  A  fua«  Is  u5od  as  a  protective 
device*  The  wlrea  and  the  lamp  In  figure 
3-36  can  etand  only  so  much  current  before 
burning  out.  Obvloualy^  this  la  dang«roua« 
and  the  luae  la  uwd  to  protect  agalnat 
thla  condition.  Ita  only  Job  la  to  burn  out 
when  th«  circuit  current  becomea  too  high* 
It  It  burna  out^  It  baa  done  Ita  Job  aiid 
ahould  be  replaced  by  another  fuae  of  the 
aame  current  rating. 


PEP4*493 


Figure  3-36 


3^100*  Let's  put  aome  of  these  components 
Into  a  circuit  diagram.  See  figure  3*36. 

3*101.  Lamp.  In  thla  case^  the  purpose  of 
the  lamp  Is  to  provide  tight.  Of  course 
It  also  provides  realstaace  to  prevent  a 
short  circuit. 


FEP4*494 


Figure  3*37 


3*103.  Switch.  Th«  switch  la  used  to 
let  Current  flow  or  to  shut  It  off.  The  switch 
la  In  th«  OFF  position  and  has  broken  the 
path  of  current  flow  from  the  negative  to 
the  positive  battery  terminals.  Switches  are 
rated  according  to  the  voltage  and  current 
that  they  may  safely  Interrupt.  Care  should 
be  taken  to  use  the  proper  switch. 

3->'104.  Circuits  are  classified  according  to 
the  way  their  components  are  arranged  or 
connected*  They  maybeclassifledaaSERIES^ 
PARALLEL,  or  SERIES* PARALLEL. 


3*105.  The  circuits  we  have  known  in 
previous  lessons  have  been  SERIES  circuits. 
We  call  them  SERIES  circuits  because  there 
Is  only  one  path  for  current  flow.  See 
figure  3*37. 


Figure  3*38 


Figure  3-39 
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3*106.  Another  type  of  circuit  configuration 
is  .a  PARALLEL  circuit.  In  this  type  of 
circuity  there  is  more  than  one  path  for 
current  flow.  See  figure  3*3&. 


3-107.  A  circuit  using  a  combination  of 
aeries  and  parallel  IsqultenaturaUycalleda 
SERIES-PARALLEL  Circuit  See  'IS^^  3-39. 


3-lOd.  Many  electrical  devices  require  a 
higher  voltage  or  higher  current  than 
a  single  cell  battery  Is  able  to  (iirnlsh. 
Therefore^  It  is  often  necessary  to  connect 
several  cells  together.  The  manner  In  which 
cells  are  connected  depends  upon  whether  you 
want  to  Increase  voltage  or  current. 
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3-100*  If  sroater  voltage  is  needed^  connect 
the  cells  in  aerleB*  To  connect  celb  in 
tferieSf  connect  the  negative  terminaLl  of 
each  cell  to  the  positive  terminal  of  the 
following  cell  as  shown  In  figure  3-40* 
The  total  voltage  of  the  battery  Is  then 
equal  to  the  sum  of  the  voltages  of  the 
separate  celts.  The  same  current  must 
flow  through  each  cell  in  succession*  There^ 
fore»  the  current  that  the  battery  can  supply 
Is  limited  to  the  current  rating  of  a  slnglt 
cell*  Thus^  a  battery  composed  of  cells 
tn  series  provides  a  higher  voltage^  but  not 
a  greater  current  capacity. 

3-110*  To  obtain  a  greater  current  than  one 
cell  Is  able  to  supply^  connect  the  cells 
In  parallel.  In  this  case^  the  total  current 
available  Is  the  sum  of  the  Individual  current 
ratings^  since  the  current  of  one  cell  does 
not  flow  through  the  other  cells.  To  connect 
cells  In  parallel^  connect  all  positive 
terminals  together  as  Shown  In  figure  3^41. 

3*111.  The  positive  terminals  of  the  cells 
win  form  the  positive  terminal  of  the  battery, 
and  the  negative  terminals  of  the  cells^ 
the  negative  terminal. 

3'112«  Each  cell  musthave  the  same  voltage^ 
otherwise  a  cell  "with  higher  voltage  wlU 
force  current  through  the  lower  voltage 
cells  and  carry  the  greater  part  of  the  load* 
The  output  voltage  of  the  bauery  made  up 
of  cells  connected  in  parallel  Is^  therefore^ 
the  same  as  that  of  a  single  celL 

3^113.  Another  method  ol  arranging  cells 
is  to  connect  them  in  series  strings  which 
are  in  turn  connected  In  parallel*  In  this 
method,  groups  of  cells  are  connected  in 
series  and  then  the  groups  connected  in 
parallel^  as  shown  in  figure  3*42*  This 
connection  provides  both  a  greater  voltage 
and  a  greater  current  capability* 

3-114.  The  purpose  of  connecting  cells  in 
series  Is  to  obtain  greater  voltage* 

3-115*  The  purpose  of  connecting  cells  in 
parallel  Is  to  obtain  greater  current 
capability* 

3^116*  The  purpose  of  connecting  series 
strings  of  cells  In  parallel  Is  to  obtain 
greater  voltage  and  current. 
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FIRST  NUMBER  

SECOND  NUMSER- 


MULTIPL1E?>- 


-FAILURE  RATE 


■TOLERANCE 
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A.  COLOR  CODE  MARKING  COMFOSITION-IVPE  RESISTORS  (MIL-STD) 


COLOR 

PART 

SIGNIFICANT  FIGURES  OF 
ELECTRICAL  VALUE 

TOLERANCE 

FAILURE  RATE 
PER   1000  HRS 

1st  Number 

2nd  Number 

Multiplier 

Black 

Capacitor 

0 

0 

1 

±20% 

L  5% 

Brown 

1 

1 

10 

±  1% 

M  1% 

Red 

2 

2 

100 

±  2% 

P  0.1% 

Orange 

3 

3 

1000 

a  «»  a 

R  0.01% 

VeUow 

4 

4 

10000 

••a  a 

S  0.001% 

Green 

Diode 

5 

5 

100000 

T  0.0001% 

Blue 

6 

6 

1000000 

a 

Violet 

7 

7 

10000000 

w  •••• 

Gray 

8 

8 

White 

9 

9 

Gold 

0.1 

±  5% 

SUver 

Coll 

0.01 

±10% 

B-  COLOR  CODES  FOR  PART  IDENTIFICATION  MARKING 

Figure  3-43 


3-117.  Resistor  Color  Code 

3*116.  The  pubUshedresistanceofaresistor 
is  indicated  by  its  markings.  Some 
resistors  bave  the  resistance  value  printed 
in  ohms  on  the  body  of  the  resistor.  Others 
have  tags  attached  to  indicate  their  value. 
Some  resistors  are  so  small  that  a  printed 
marking  is  impractical  so  a  color  code 
marking  Is  used,  Unfortunabelyp  resistors 
are  often  mounted  sothattheprintedmarklng 
cannot  be  seen  or  heat  discolors  the  resistor 
body,  making  it  difficult  to  read  the  color 
code.  If  you  cannot  determine  the  resistance 
visually,  you  MUST  use  a  schematic  diagram- 

3-119,  There  are  two  systems  used  In  color 
coding  the  resistors.  We  will  cover  only 
the  END-TO-CENTER  band  system.  See 
figure  3*43.  In  each  color  code  system  of 


marklngp  three  colors  indicate  the  resistance 
value  in  ohms.  By  substituting  numbers  from 
the  color  code  chart,  the  approximate 
resistance  value  of  a  resistor  can  be 
determined. 

3*120,  TOLERANCE,  It  is  dlfficnult  and 
expensive  to  manufacture  a  resistor  to  an 
exact  resistive  value.  The  actual  resistive 
value  may  be  as  great  as  20  percent  from 
its  color  code  marking  and  still  be  a  good 
component.  This  percent  difference  between 
the  marked  value  and  the  actual  value  is 
known  as  the  TOLERANCE  of  a  resistor. 
A  fourth  color  is  used  to  indicate  the 
tolerance.  This  band  may  be  omitted  if 
the  tolerance  is  20  percent, 

3*121.  FAILURE  RATE.  It  is  very  important 
that  electronic  components  be  reliable.  Lack 
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Figure  3-44  nBP4-i01 

of  reliability  can  cause  the  failure  of  u 
Important  mlBslon.  The  reliability  of 
reslBtors  la  exproBsed  as  the  percentage  of 
failures  per  1000  hours  of  operation*  It  Is 
stated  as  a  percentage  and  Indicated  by  a 
fifth  color  band.  See  figure  3-43*  This  band 
is  omitted  when  failure  rate  Is  unspecified* 

3*122*  Figure  3*43  shows  the  colors  used 
In  the  color  code*  Electronic  technicians 
should  memorize  this  color  code  as  soon 
as  possible* 

3*123,  End*to-Center  Band  Marking*  In  this 
method,  the  resistor  is  marked  with  bands 
of  color  at  one  end  of  the  resistor.  The 
body  color  has  nothing  to  do  with  the  color 
code. 

3*124,  The  first  color  band  (nearest  the 
end)  will  always  be  the  first  digit  of  ohmlc 
value. 

3*125,  The  second  color  band  will  always 
be  the  second  digit  of  ohmlc  value. 

3-126.  The  third  color  band  Indicates  the 
decimal  multiplier  or  number  of  zeroes. 

3*127.  It  there  Is  a  fburth  band,  It  Indicates 
the  tolerance.  See  figure  3*43.  It 
there  Is  no  fourth  band,  the  tolerance 
is  20%. 

3-128.  It  there  Is  a  fifth  ccdor  band,  It 
indicates  the  failure  rate.  See  figure  3*43. 
If  there  la  no  fifth  band,  then  the  failure 
rate  Is  un^eclfled, 

3-129,  Figure  3*44  shows  a  carbon  resistor 
with  three  bands  of  color.  The  color  bands 
are  read  starting  from  the  end  and  reading 
'.award  the  center.  Refer  to  figure  3*44 
and  use  the  fallowing  values: 


BAKD 

COLOR 

VALUE 

SIQNinCANCE 

1st 

Rod 

2 

Iflt  Digit 

2nd 

Qroen 

S 

2nd  Digit 

3rd 

Vellow 

10,000 

Multiplier 

The  resistance  Indicated  Is  290^000  ohms* 
There  Is  no  4th  band;  therefbre*  the  tolerance 
is  20%* 

20%  of  290^000  «  50,000 
Maximum  resistance  =  250^000  +  50,000 

»  300,000  ohms 
Minimum  resistance  ^  250,000  *  50,000 

n  200,000  ohms 

This  resistor  could  have  a  resistance  between 
200,000  and  300,000  ohms  and  be  within 
tolerance. 

3*130.  Refer  to  figure  3-45* 

Resistance  »  86,000  ohms  ±  10% 

10%  of  86,000  ^8,600 

Maximum  resistance  =»  86,000  +  8,600 

=  94,600  ohms 

Minimum  resistance  =  86,000  -  8,600 

«  77,400  ohms 

This  resistor  could  have  any  resistance 
value  between  77,400  and  94,600  ohms. 
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Flfure  3-45 
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Figure  3-46 


3-131.  Refer  to  figure  3-46. 

Resistance  =  960  ohms  ±  5% 

5%  of  960  =  48 

Maximum  reslst^ce  =  960  +  48 

=  1,008  Ohms 

Minimum  resistance  =  960  -  48 
="912  ohms 

This  resistor  could  have  any  resistance 
value  between912  and  l,008ohms.  The  failure 
rate  Is  0.001%  per  lOOO  hours  of  operation. 

3-132.  Figure  3-47  is  an  example  of  a 
resistor  with  black  as  the  third  color  band. 
The  color  code  value  of  black  Is  zero  and 
Indicates  that  no  zeroes  are  to  be  added* 
The  multiplier  Is  XI. 

Resistance  =  10  ohms  ±  5% 

5%  of  10  =  0-5  ohms 

Maximum  resistance  =  10  +  0.5 

=  10.5  ohms 

Minimum  resistance    10  -  0.5 
=  9,5  ohms 


This  resistor  could  have  any  resistance  value 
between  9«S  and  10.5  ohms. 


3-133*  Aa  stated  before*  the  third  color  band 
indicates  the  multiplier*  See  figure  3«48« 


1  0  J  m 
Figure  3-48 
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3-134.  When  the  third  band  GOLD,  multiply 
the  first  two  digits  by  0.1.  Thus,  0.1  times 
10  equals  1  ohm.  Resistance  equals  1  ohm 
±10  percent  or  any  value  between  ,9  and 
1.1  ohros. 

3-135.  See  figure  3-49,  When  the  third  band 
Is  SILVER,  multiply  the  first  two  digits  by 
0.01.  ThuSt  0.01  times  45  equals  0.45  ohms 
plus  or  minus  10%. 

Hesistance  =  0.45  ohms  ±  10% 

10%  of  0.45  =  0.045  ohms 

Maximum  resistance  =  0.45  +  0.045 
=  0.495  ohms 

Minimum  resistance  =  0.45  -  0.04& 
^  0.405  ohms 

This  resistor  can  have  any  resistance  value 
between  .405  and  .495. 
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Chapter  4 


MULTIMETER  USES 


4-1*  W^ien  working  with  electronic  clrcultfl^ 
It  Is  sometimes  necessary  to  determine  the 
exact  amount  of  current  voltage,  and  re- 
sistance* These  circuit  conditions  can  be 
determined  by  the  use  of  a  test  set  known 
as  a  multimeter* 

4-2«  In  this  chapter  you  wtUbecomofatnlliar 
with  the  operation  and  use  of  a  Multimeter* 
It  functions  as  an  ohmmeter,  a  voltmeter, 
and  ammeter* 

4-3»  Resistance  Measuremont 

4-4.  Figure  4-1  shown  a  multimeter  with 
two  selector  switches »  The  switch  on  the 
left  Is  the  FUNCTION  switch,  and  the  one 
on  the  right  Is  the  RANGE  switch*  To 
measure  resistance,  place  the  FUNCTION 
switch  In  the  OHMS  position*  The  multi- 
meter will  now  function  as  an  ohmmeter* 

4-5*  The  RANGE  switch  has  seven  positions 
as  shown  In  figure  4-1.  Notice  that  the 
Greek  letter  omega  (  fl ),  representing 
ohms.  Is  missing  on  the  first  and  last 
positions*  These  two  positions  of  the  RANGE 
switch  are  not  used  for  resistance*  Begin 
resistance  measurements  with  the  RANGE 
switch  In  the  ohms  times  1  (^xl)  position, 
and  work  up  to  the  most  accurate  scale* 


4-tit  The  multimeter  Is  equipped  with  a 
pair  of  leads  with  two  corresponding  Jacks 
on  the  lower  part  of  the  l^ont  panel*  To 
prepare  the  meter  for  use,  simply  Insert 
the  red  lead  Into  the  red  Jack  and  the 
black  lead  Into  the  black  lack* 

4-7*  Now  before  proceeding,  there  Is  an 
important  safety  precaution  that  must  be 
observed  when  using  the  ohmmeter  function* 
NEVER  CONNECT  AN  OHMMETER  TOAHOT 
tOPERATINCj  CIRCUIT*  BE  SURE  THAT  NO 
PO'JVER  IS  APPLIED*  The  internal  com- 
ponents of  the  meter  use  very  little  current, 
and  are  easily  damaged  by  the  application 
of  an  external  power  source* 


4-8«  Since  there  Is  noapparent power  applied 
to  the  component  being  tested,  a  logical 
question  Is:  Where  does  the  power  for 
deflection  on  the  ohmmeter  come  from? 
The  multimeter  contains  its  own  power 
supply  in  the  form  of  &  battery  located  in- 
side the  case*  The  resistive  components 
Inside  the  multimeter  are  of  such  valuesthat 
when  the  leads  are  connected  together, 
the  meter  indicates  a  full-scale  deflection. 
Because  there  Is  no  resistance  between  the 
connected  (shorted)  leads,  full-scale  deflec- 
tion represents  zero  resistance. 


OHMS 
POSITION 


FUNaiON 


OHMS  ZERO 
RANGE 


Figure  4-1 
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4*9.  Now  before  making  a  measurement, 
the  ohmmeter  must  be  zeroed.  This  la 
accomplished  by  aborting  the  leada  together 
and  adjusting  the  OHMS  ZERO  knob,  as 
shown  In  ngure  4*1,  ao  the  pointer  la 
directly  at  the  xero  mark  on  the  green 
OHMS  acale.  A  very  Important  factor 
to  remember  when  making  an  accurate 
realatance  measurement  Is  to  zero  the 
meter  each  time  you  select  a  new  range. 
If  the  meter  Is  not  zeroed  each  Ume  the 
range  awitch  Is  changed,  the  readings  will 
probably  be  incorrect. 

4-10.  When    making    a  resistance 
measurement,    there   are  certain 
considerations  that  mu«t  be  given  to  the 
resistor  being  tested: 

a.  The  resistor  must  be  Isolated.  In  some 
Instances,  a  soldered  connection  will  have 
to  be  disconnected  to  Isolate  the  resistor. 

b.  The  meter  leads  must  make  good 
electrical  contact  with  the  resistor  leads. 
Points  of  contact  should  be  checked  for 
dirt,  grease,  varnish,  paint,  or  any  other 
material  that  may  prevent  current  flow.  U 
necessary,  remove  any  foreign  matter. 

C.  KEEP  YOUR  HAN^DS  ON  THE 
INSULATED  PORTIONS  OF  THE  LEADS. 
Your  body  has  a  certain  amount  of  resistance 
that  can  be  measured  by  the  ohmmeter. 


4-11.  The  proper  method  of  checking  a 
resistor  is  Illustrated  In  figure  4*2.  Connect 
the  red  lead  to  one  of  the  resistor  leads 
and  the  black  lead  to  the  other  resistor 
lead. 


4*12.  Since  zero  resistance  causes  full" 
scale  deflection,  you  can  see  that  the  de* 
flection  of  the  meter  Is  Inversely  propor* 
tlonal  to  the  resistance  being  tested.  For 
a  small  resistor  value  tbe  deflection  will 
be  cloee  to  full  scale  and  for  a  large  re* 
slstor  value  thedeflectlon  will  be  considerably 
less.  ThiB  indicates  that  theleftporUonof  the 
green  ohms  scale  represents  high  resistance, 
and  the  right  side  of  the  scale  represents  low 
resistance.  Zero  resistance  (an  open  circuit) 
Is  Indicated  on  the  extreme  left  side  of  the 
scale.  Notice  that  you  read  the  OHMS  scale 
from  RIGHT  to  LEFT.  For  example,  the 
pointer  In  figure  4*3  Indicates  51.  Todeter* 
mine  the  value  of  &  resistor,  multiply  the 
reading  on  the  meter  scale  by  tbe  RANGE 
switch  setting.  U  the  RANGE  switch  le  on 
the  Xix  1  position,  then  the  resistor  value 
would  be  Slil. 


4*13.  As  you  can  see  from  tbe  ohms  scale 
Illustration  shown  In  £igure  4-3,  the  scale 
marks  are  crowded  on  the  left  side  of  the 
scale  which  makes  accurate  reading  difficult. 
For  this  reason,  It's  best  to  select  a  range 
in  wblch  the  pointer  will  fall  nearmld*scale. 
Accurate  readings  are  more  easily  obtained 
near  mid-scale  because  tbe  divisions  are 
more  evenly  spaced. 


4-14.  In  order  to  explain  the  correlation 
between  the  meter  reading  and  the  RANGE 
switch  setting,  foUow  this  example. 


4-15.  Suppose  you  had  a  S,000*ohm  resistor 
which  you  Identified  as  such  by  using  tbe 
resistor  color  code.  Now  with  the  RANGE 
switch  In  the  ^xl  position,  connect  the 
meter  across  the  resistor.  Tbe  meter  pointer 
will  deflect  to  the  extreme  left  side  of 
the  scale  (between  2M  and  co  on  the  scale). 
Since  the  Jlxl  range  Is  selected,  the  reading 
must  be  multiplied  by  1.  In  this  position, 
the  scale  reading  Is  direct.  By  placing 
the  RANGE  switch  totheAJclO  position  and 
zeroing  the  meter,  the  pointer  now  moves  to 
500     on     the    scale.    Since  the^xlO 
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Figure  4-3 


range  Is  now  being  used,  the  scale  reading 
must  be  multiplied  by  to»  Once  again  the 
residing  le  not  in  the  middle  of  the 
ecale.  The  RANGE  switch  should  be  moved 
again. 


4-t9»  An  open  resistor  wiU  be  Indicated 
by  no  deflection  on  the  highest  ohitid  range 
of  the  meter,  A  ehorted  resistor  wlU  cause 
full  ecale  deflection  on  the  lowest  ohme  range* 


4-16.  With  the  RANGE  switch  In  the  flxtOO 
position  and  the  meter  zeroed  again,  the 
pointer  moves  to  50  on  the  ecale*  Since 
the  Q  xtOO  range  le  selected,  the  reading 
must  be  multiplied  by  100*  The  most  accurate 
reading  could  he  made  at  this  point.  Of 
course  the  reading  on  this  scale  must  be 
multiplied  by  tOO» 


4-20,  In  addition  to  measuring  resistance 
the  ohmmeter  is  a  very  useful  toot  for 
checking  continuity  In  a  circuit.  To  make 
a  continuity  check,  first  study  the  circuit 
diagram,  and  then  check  the  corresponding 
parts  of  the  circuit  with  the  ohmmeter.  The 
ohmmeter  wlU  Indicate  high  conduction, 
partial  conduction  ^resistance),  or  no 
conduction  at  alt. 


4-t7»  If  the  RANGE  switch  Is  positioned  to  neut«> 

the  Q  xl,000  or  the  fl  X  10,000  ranges 

measuring  accuracy  decreases*  The  most 

accurate  readings  are  obtained  at  or  near 

mld*scale» 


4-18,  Another  thing  to  remember  when 
measuring  resistance  is  the  tolerance  of 
the  resistor*  If  the  tolerance  of  the  resistor 
in  the  preceding  example  is  to  percent,  we 
could  expect  a  reading  between  4500  and 
SSOO  ohms*  If  a  reading  Ls  not  obtained 
within  these  limits,  the  resistor  has  probably 
changed  value  and  should  be  discarded. 


4-22*  When  you  havr  finished  using  the 
ohmmeter  and  you  are  preparing  to  store 
it  temporarily,  be  sure  to  position  the 
FUNCTION  switch  to  any  position  OTHER 
than  OHMS  and  remove  the  leads*  Accidental 
shorting  of  the  leads  would  completely  dis- 
charge the  batteries  and  render  the  ohm- 
meter useless* 
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Figure  4^4 

4.23*  Voltage  Measurement 

4*24*  The  multlnieter  functions  as  a  DC 
voltmeter  U  the  FUNCTION  s^vltch  Is  placed 
In  either  of  two  positions:  DC/lk  ohm, 
or  DC/2Qk  ohm.  The  meter  leads  must 
be  connected  to  the  meter  Jacks  according 
to  color.  This  Is  an  especially  Important 
point  to  Observe  vAen  measuring  DC  voltages* 
The  red  lead  wlU  be  the  positive  lead, 
and  the  black  lead  wlU  be  negative*  See 
figure  4-4* 

4*25*  When  the  meter  Is  connected  in  a 
circuit,  It  becomes  a  circuit  component. 
Since  all  meters  have  some  resistance,  they 
\vlll  alter  the  circuit  by  changing  the  current 
slightly*  The  resistance  of  the  voltmeter 
depends  on  the  position  of  the  RANGE  switch 
and  the  FUNCTION  switch* 

4*26*  The  DC/20k  ohm  posltionhas20times 
as  much  meter  resistance  as  the  DC/1  kohm 
position*  The  higher  meter  resistance  loads 
the  circuit  less*  This  gives  a  more  accurate 


Indication  of  circuit  conditions  before  the 
voltmeter  was  connected*  For  this  reason 
the  highest  meter  resistance  possible  should 
be  used* 

4.27*  Earlier  modetsof  voltmeters  contained 
only  a  1,000  ohm  per  volt  function  andtables 
of  standard  voltage  values  were  established 
with  this  function*  therefore^  many  of  the 
tables  of  standard  voltage  values  you  will 
find  In  technical  orders  were  made  using  the 
1,000  ohm  per  volt  position.  If  you  wish  to 
compare  your  readings  to  standard  values 
taken  with  a  l^OOO  ohm  per  volt  voltmeter^ 
you  must  use  the  DC/1  k  ohm  position* 


4*2S*  When  using  a  meter  that  has  a  ground 
lead,  always  connect  this  lead  to  the  ground 
terminal  on  the  equipment  before  making  any 
tests*  Ifthe  equipment  has  no  ground  terminal, 
connect  the  ground  lead  to  the  chassis  of 
the  equipment.  If  you  do  not  observe 
this  precaution^  you  can  receive  a  serious 
electrical  shock* 

4*29.  With  the  FUNCTION  switch  set  to 
either    DC/20  K    ohm   or  DC/l  k  ohm, 
consider  the  RANGE  switch  axvl  the  scale  on 
the  meter  to  be  used.  When  measuring  DC 
voltages,  there  are  seven  ranges  available: 
*5,  2.5,  10,  50,  250,  500,  and  1000*  The 
setting  of  the  RANGE  switch  determines  the 
maximum  value  represented  on  the  meter. 
When  measuring  DC  voltages,  use  the  black 
DC  scale;  to  read  the  scale,  see  figure  4«5* 
The  three  digits^  on  the  bottom  of  the  scale 
at  the  extreme  right  side,  indicate  the 
maximum  value  of  the  range  being  used* 
When  the  RANGE  switch  la  In  the  *5  position, 
the  scale  represents  a  maximum  of  *5 
volts  (the  digit  5  on  the  second  row  should 
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Figure  4*6 


be  interpreted  as  .5).  To  simplify  the 
relationship  between  the  digits  below  the 
scale  and  the  setting  on  the  RANGE  switch, 
always  use  the  digits  that  correspond  to  the 
numbers  on  the  RANGE  switch.  Use  2.5  on 
the  scale  for  the  2.5  and  250  ranges;  the  5 
on  the  scale  for  ,5,  50,  and  500  ranges;  the 
10  on  the  scale  for  the  10  and  1000  ranges. 

4-30,  For  explanation  purposes,  assume 
that  you  wish  to  measure  30  volts  DC.  In 
this  case,  use  the  50V  range.  By  placing 
the  RANGE  switch  to  the  50  position,  the 
meter  needle  should  rise  to  the  3  ^hlch 
represents  30* 

4-31.  When  measuring  a  known  DC  voltage, 
position  the  RANGE  switch  to  a  setting  that 
will  cause  a  near  half-scale  deflection.  The 
readings  taken  near  the  center  of  the  scale 
are  the  most  accurate,  when  measuring  an 


unknown  DC  voltage,  always  begin  on  the 
1000  range  and  using  the  RANGE  switch, 
work  down  to  a  safe  range,  if  you  do  not 
begin  on  the  highest  range,  the  meter  could 
be  burned  out*  If  the  meter  needle  moves 
to  the  left  reverse  the  meter  leads  to  the 
circuit  being  tested. 

4-32.  Observe  polarity  when  measuring  DC 
voltages.  The  negative  (black)  lead  must 
be  connected  to  the  negative  point  In  the 
circuit,  and  the  positive  (red)  lead  must  be 
connected  to  the  positive  point  In  the  circuit. 
A  proper  connection  ts  shown  In  figure  4-6. 


4-33.  Now  observe  bow  a  voltage  measure- 
ment on  a  component  wlthti\  a  circuit  Is 
made.  Measurement  of  the  voltage  drop 
across  a  resistor  Is  shown  In  figure 
4-7. 


Figure  4-7 
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4*34.  When  measuring  a  DC  voltage  drop 
across  acomponentinaclrcultfthevottmeter 
must  be  connected  In  parallel  with  the 
component*  As  you  canseelnthelUuatratlon, 
the  red  (positive)  lead  Is  comiected  to  the 
positive  side  of  the  resistor^  and  the  black 
(negative)  lead  Is  connected  to  the  negative 
aide  of  the  resistor.  A  voltage  reading  Is 
obtained  on  the  meter  when  current  flows 
through  the  resistor  and  lamp. 

4-^35,  If  you  want  to  Icnow  how  much  voltage 
la  dropped  across  the  lamp,  the  meter  will 
bavo  to  be  comiected  in  parallel  with  the 
lamp.  The  proper  connection  la  shown  in 
figure  4-S, 

4*36.  In  figures  4-7  and  4.S,  notice  that 
the  RANGE  switch  on  the  pSM-6  Is  shown 
In  the  50  position.  As  stated  before,  when 
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measuring  a  known  DC  voltage,  always  use 
the  range  that  will  cause  mid-scale  denectlon. 

3*37.  In  the  event  that  the  meter  was 
Inadvertently  connected  to  the  circuit  bacfc-^ 
wards,  the  meter  needle  would  move  in 
the  reverse  direction.  Always  check  the 
polarity  before  connecting  the  meter. 

4*38.  Some  voltmeter  readings  will  require 
the  use  ot  ground,  as  a  reference  point. 
See  figure  4-9.  Under  these  conditions, 
one  voltmeter  lead  Is  connected  to  the 
equipment  ground  and  the  other  lead  Is 
connected  to  the  test  point  wber«  voltage 
Is  to  be  measured*  Observe  polarity, 

4-39.  Current  Measurement 

4-^40.  An  ammeter  measures  current, 
and  Is  often  Included  as  an  integral 
part  of  equipment.  Ammeters  must  be  placed 
in  series  with  the  circuit  to  measure  the 
circuit  current.  You  will  be  taking  current 
measurements  many  times Inordertounder-^ 
stand  what  ts  taking  place  In  circuits  with 
unknown  voltage  or  resistance  values. 

4-^41.  The  multimeter  can  ftinctioa  as  an 
ammeter  to  measure  current  fltfw^  by  placing 
the  FUNCTION  switch  In  the  DC&iA  position. 
WUh  the  RANGE  switch  In  the  1000  position, 
as  shown  In  figure  4.10,  DC  current 
measurements  from  0  to  1  ampere  can  be 
made  directly. 

4-42.  In  order  to  understand  how  1  ampere 
Is  indicated  with  the  RANGE  switch  In  the 
1000  position,  you  need  to  know  the  meaning 
of  DCMA,  and  the  relationship  between 
amperes  and  milliamperes. 
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Figure  4-10  Figure  4-11 


4-43,  The  letters  DCMA  atand  for  Direct 
Current  MlUlAmperes.  Thla  means  that  the 
direct  current  Is  measured  in  mlUiamperes 
instead  of  amperes;  and  a  meter  that 
measures  current  valuas  In  mllUamperes 
Is  called  a  MILLIAMMETER.  One  thousand 
mllllamperes  equals  one  ampere. 


4'44.  The  range  of  the  ammeter  can  be 
extended  with  the  addition  of  an  accessory 
called  a  SHUNT.  Using  a  shunt  such  as 
the  one  shown  In  figure  4*11,  DC  currents 
up  to  10  amperes  can  be  measured. 


4-45.  In  reality^  with  the  shunt  the  multi- 
meter Is  an  ammeter  (up  to  1<3  amperes). 
WITHOUT  the  shunt,  the  multimeter  is  a 
mllllammeter  (up  to  1000  mllllamperes). 


4-47,  When  the  RANGE  switch  Is  placed  to 
the  600  position,  the  second  row  of  digits 
below  the  black  DC  scale  Is  used.  In  this 
case,  the  maximum  value  represented  by  the 
DC  scale isSOO mllllamperes orO.Samperes. 
The  5  on  the  second  row  represents  500 
milliamperes  or  0.5  amperes*  The  4  on  the 
second  row  represents  400  mllllamperes  or 
0.4  amperes , 


4-48.  By  placing  the  RANGE  switch  to  the 
250  position,  the  top  row  of  digits  is  used. 
The  maximum  value  represented  by  the  DC 
scale  Is  now  2S0  mllllamperes,  or  0.25 
amperes.  The  setting  of  the  RANGE  switch 
determines  the  maximum  value  represented 
by  the  DC  scale.  Always  use  the  row  of 
digits  that  corresponds  to  the  RANGE  switch 
setting. 


4'46«  Wnen  the  multimeter  is  being  used  to 
measure  current,  the  black  DC  scale  Is 
used.  It  is  the  same  scale  used  Tvhen 
measuring  DC  voltages.  Refer  to  figure  4-<'5. 
As  stated  before,  with  the  RANGE  switch 
on  1000  and  the  FUNCTION  switch  on  DCMA, 
the  black  DC  scale  represents  a  maximum 
of  1000  mlUiamperes,  or  1  ampere.  The 
10  on  the  bottom  row  of  digits  (extreme 
right  side)  represents  1000  milliamperes  or 
1  ampere.  TheSonthebottomrowrepresents 
800  milliamperes,  or  O.S  amperes.  The  6 
on  the  bottom  row  represents  600  milU- 
amperes,  or  0,6  amperes,  and  so  on. 


4'4fi.  Never  attempt  to  measure  currents 
greater  than  the  setting  of  the  RANGE 
switch.  To  measure  a  current  of  unknown 
value,  always  start  with  the  highest  range 
possible  and  then  work  down.  Use  the  range 
that  gives  near  lialf-scale  deflection.  If  this 
procedure  Isn't  followed^  the  meter  could 
be  burned  out.  Increase  the  range  with  an 
external  shunt,  U  necessary,  but  do  not 
exceed  the  marked  current 


4'SO.  The  test  leads  should  be  connected  to 
'  the  multimeter  with  the  red  lead  to  the  red 
Jack  and  the  black  lead  to  the  black  jack. 
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Flffure  4*12 


4-51*  Now  that  the  meter  ts  set  up  to 
measure  currer.t  and  the  leads  are  properly 
connected^  otsserve  how  It  Is  to  be 
connected  Into  the  circuit  to  be  tested. 
DC  ammeters  must  be  connected  in  series 
with  the  component  through  which  the  current 
Is  flowing.  You  mustuse  the  correct  polarity* 
That  Is^  the  red  (positive)  lead  must  be 
connected  to  the  poBltive  point  In  tbe  circuit 
and  the  black  (negative)  lead  must  be 
connected  to  the  negative  point  in  the  circuit* 
The  proper  method  of  connection  Is  shown 
in  figure  4-12. 

4-52.  As  stated  before,  with  a  shunt 
currents  up  to  10  amperes  can  be 
measured.  Connect  the  negative  point 
In  the  circuit  to  the  ±  terminal  on 
the  LOAD  CIRCUIT  end  (figure  4-13)>  and 
connect  the  positive  circuit  point  to  either 
tbe  10  A  or  2.5  A  terminal.  You  can  decide 
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which  terminal  to  use  from  the  amount  of 
Current  you  Intend  to  measure* 

4-53.  Now  to  properly  connect  the' multi- 
meter connect  tbe  black  lead  to  the  > 
jack  on  tbe  METER  CIRCUIT  end  of  the 
shunt  and  connect  the  red  lead  to  either 
10  A  or  2.5  A  Jack.  Tbe  meter  circuit  must 
connect  to  tbe  same  current  value  used 
for  the  load  circuit. 

4-54.  To  measure  currents  between  0  and 
2.5  amperes^  set  the  RANGE  switch  on  2.5* 
For  Currents  between  2.5  and  10  amperes^ 
set  tbe  RANGE  switch  on  10.  An  Important 
fact  to  remember  when  using  the  shunt^ 
Is  that  the  readings  on  the  meter  are  In 
AMPERES  ratber  than  mllllamperes. 

4-55.  Tbe  multimeter  can  be  used 
to  measure  current  In  microamperes*  As 
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you  knowf  th6  microampere  le  also  a  0ub« 
division  of  the  ampere;  one  millionth  of  on 
ampere.  It  takes  l|O00fO00  mleroamperes 
to  make  1  ampere. 

4*96*  By  placing  the  FUNCTION  switch  to 
the  100^  SPECIAL  poeltlonf  the  multimeter 
acto  aa  a  0  to  100  microampere  DC  micro* 
ammeter. 

4-57.  When  you  need  to  measure  currents 
too  small  for  the  ammeter  or  mlUlarometer 
range^  use  the  100^  SPECIAL  position* 
So  far  it  has  been  explained  how  the  BAMGE 


switch  changes  the  range  of  the  meter. 
Howeveri  when  using  the  100^  SPECIAL 
function^  the  BANQE  switch  can  be  on  any 
posltloni  for  It  will  not  change  the 
range. 

4*98.  AC  Voltage  Measurements 

4-90*  To  measure  alternating  current 
voltage,  the  FUNCTION  switch  must  be  set 
to  the  AC  VOLTS  position*  The  same  pro*- 
cedures  used  to  measure  DC  voltage  apply, 
except  the  reading  Is  taken  from  the  Blue 
AC  volts  scale  and  the  polarity  of  the  test 
leads  Is  not  important. 
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Chapter  5 
DC  RESISTIVE  CIRCUITS 


The  most  baalc  circuit  in  electronics 
is  the  series  circuit.  No  matter  how  complex 
a  circuit  may  appear,  It  can  be  electrically 
reduced  to  a;  simple  series  circuit.  In  order 
to  understand  what  a  series  circuit  is,  look 
at  ngure  5*1. 

5*2.  This  is  a  circuit  because  there  is  a 
complete  path  for  current  flow.  It  is  a 
series  circuit  because  there  is  only  one  pos- 
sible path  for  current  to  flow-  The  current 
flows  from  the  negative  side  of  the  battery, 
through  the  conductor,  through  the  resistor, 
through  another  conductor  and  back  to  the 
positive  side  of  the  tnittery.  The  electrical 
devices  in  a  series  circuit  are  connected 
end-'to^end.  The  circuit  shown  contains  the 
three  basic  requirements  for  any  circuit: 

a.  A  source  of  power  (battery). 

b.  A  load  device  (resistor). 

c.  A  conductor  (wire). 

Most  practical  circuits  also  contain  two 
other  items: 

d.  A  safety  device  (fuse), 

e.  A  control  device  (switch). 

With  all  five  components  in  the  circuit, 
they  would  appear  as  shown  in  figure  5-2. 

S'3.  Figure  5*2  is  a  DC  series  circuit. 
Current  will  now  in  only  one  direction, 
from  the  negative  side  of  the  battery,  through 


Figure  5^1 


the  switch,  fuse  and  conductor,  through  the 
resistor,  and  back  to  the  positive  side  of  the 
battery.  Remember,  current  flows  from  the 
negative  terminal  of  the  battery  through  the 
external  circuit  and  back  to  the  positive 
terminal  of  the  battery. 

9*4.  Close  the  switch  in  figure  5*3,  and 
current  will  flow.  The  three  ammeters  would 
show  how  much  current  is  flowing  at  various 
points  in  the  circuit.  All  the  amtneters  will 
read  the  same  amount  of  current*  This  is 
the  first  important  thing  to  remember  about 
a  series  circuit  *  current  Is  the  sajoe  at 
all  points  throughout  the  circuit. 

5^5.  This  id  sometimes  expressed  informula 
form  as; 


Total     Current  Current 
'    Current    Thru  Ri    Thru  R2 

It  doesn't  matter  how  many  resistors  you 
have.  If  there  were  five  resistors  connected 
in  series  in  the  circuit,  the  formula  would 
be: 


5-6,  Total  resistance  (R.)  in  a  series  equals 
the  sum  of  the  individual  resistances. 
Stated  as  a  formula: 


Figure  5-2 
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Fieure  5*3 


5-7.  Before  looking  at  what  makes  a  eorles 
circuit  \vork,  review  the  meaning  of  the 
following  terms: 


a.  Voltage 
current  to  flow. 


A  force  which  causes 


b.  Current  ■*  Electrons  moving  In  a 
given  direction. 


REP4'908 


Figure  5-4 

device,  a  safety  device,  conductors,  and  a 
load  (consisting  of  two  resistors).  In  order 
to  find  the  total  current  first  find  the  total 
resistance.  Total  resistance  CRJ  tn  a  series 
circuit  equals  the  sum  of  the  Individual 
resistances.  Stated  as  a  formula: 

«  Rl  f  R2  f  .  .  . 


c.   Resistance-^ An oppoaltlonto current      substituting  the  values  of  Rl  and  R2 


flow. 

The  relationship  of  these  terms  can  be  shown 
by  the  use  of  Ohm's  Law. 

S-8.  Ohm's  Law  states  that  the  current  In 
a  circuit  Is  directly  proportional  to  the  ap- 
plied voltage  and  Inversely  proportional  to 
the  resistance. 

5^6.  Ohm's  Law  is  normally  expressed  as  a 
formula: 

R 

By  substituting  numl^ers  for  E  and  R  It 
can  be  shown  that  as  E  Is  made  larger,  I 
becomes  larger;  and  as  R  Is  made  larger, 
I  becomes  smaller. 

5*10.  Ohm's  Law  Is  eicpressed  in  two  other 
forms: 

E  3  IR 

It  any  two  of  ^he  Quantities  are  known 
the  other  can  be  found. 


t 


5  ohms  f  10  ohms  =  15  ohms 


5^12.  IT  the  circuit  had  contained  tlve,  10, 
or  100  resistors  In  series,  they  would  all 
have  to  be  added  to  find  the  total  resistance. 
The  battery  or  applied  voltage  (E  )  Is  30  V; 
R  »15g*Then: 


^     ^'a    30V  9. 


The  2  amperes  of  current  wlU  be  flowing 
everywhere  In  the  circuit. 

5*13.  Now  notice  what  effect  a  change  In 
resistance  or  voltage  will  have  on  current 
flow.  For  example,  when  the  applied  voltage 
remains  constant  and  the  resistance  Is 
doubled,  current  will  be  reduced  to  one  half 
of  Its  original  value.  In  the  figure  5*4, 
fbr  instance,  the  resistance  of  the  circuit 
would  now  be  30  ohms  and  with  the  voltage 
remaining  constant: 


5-11  p  To  illustrate  the  use  of  Ohm's  Law, 
find  the  current  In  figure  5-4.  It  Is  a  series 
DC  circuit  with  a  power  source,  a  control 


E 


30V    ,  . 
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8-14.  On  the  other  hand,  If  voltage  remains 
constants  and  the  resistance  la  reduced  to  one- 
half  of  Itu  original  value,  current  wlU  double 
Its  original  value. 


To  sumniarlxe   the  relationships  of 
voltage  f  current  and  resistance; 

a.  If  resistance  remains  constant  and 
voltage  Increases,  current  will  Increase. 

t).  If  resistance  remains  constant  and 
voltage  decreases^  current  will  decrease. 

c*  If  voltage  remains  constant  and 
resistance  Increases,  current  decrease* 

d*  If  voltage  remains  constant  and  re- 
sistance decreases,  current  will  increase. 

5-16.  Voltage  Is  the  force  which  causes  cur- 
rent to  flow*  It  is  not  the  same  everywhere 
In  a  series  circuit,  but  Is  divided  among 
the  individual  resistances  according  to  their 
size  -  The  voltage  developed  by  each  re- 
sistance IS  called  a  ^^voltage  drop'^  and  the 
total  of  the  voltage  drops  is  always  equal 
to  the  applied  voltage  -  This  fact  is  expressed 
In  the  formula: 


Voltage 
drop  of  R2 


Ohms  Law  formula;  E  ■  IR  or  In  this  case 
Eri  ■  Iri  X  Rl*  Substituting:  E^i  ■  2A  x 
8fl»10V*  So  the  voltage  drop  across  Rl  J"  lOV* 


=  ^Rl 
Applied  Voltage 
Voltage  drop  of  Rl 
5-17.  m  figure  5-4  the  appUed  voltage,  E  , 
is  30  "olts.  These  30  volts  are  "dropped" 
across  Rl  and  R2.  The  resistors  are  not 
the  sam6  size  so  the  voltage  drops  wiU 
not  l«  equal.  By  using  Ohm's  Lav,  the 
voltage  drop  across  each  resistor  can  lie 
found « 

5-18.  Listing  the  fcnownfacts  about  figure  5-4: 


E 


R2 


2A  X  10£3  M  20V 


5-lfl.  The  fact  that  the  individual  voltage 
drops  add  to  equal  the  applied  voltage  can 
be  confirmed  by  the  formula: 


^Rl  *  ^R2 


30V  -  lOV  ¥  20V 
30V  «  30V 

5-20.  in  any  DC  series  circuit,  such  as 
the  one  lust  dtscussed,  the  missing 
quantity  (voltage,  resistance,  or  current), 
can  be  calculated  by  using  Ohm's  Law,  if 
any  two  of  the  quantities  are  known. 

5*21.  Another  Important  thing  to  remember 
Is,  when  there  are  two  or  more  resistors 
In  a  circuit,  the  larger  resistance  will 
have  the  larger  voltage  drop. 

Rl  9  5  ohms 
R2  3  10  ohms 

5-22.  In  the  circuit  shown  In  figure  5-5, 
solve  for  the  total  resistance,  total  current, 
and  Individual  voltage  drops.  The  applied 
voltage  and  the  size  of  the  resistors  are 
known. 


lERlC 


E   =  30  volts 
a 


Rl  =:  5  dhms 
R2  =  10  dhms 


R^  =:  Rl  +  R2  +  R3 

s  30  ohms  60  ohms  +  10  ohms 
=  100  obmc 
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Figure  5-S 


150V 

=  1.5  A 
E^j=I^xRl 

^1^5  amps  X  30  ohms 
=  45  volts 

R2  t 

1  *5  amps  X  60  ohms 

»  90  volts 

E„„  =  L  X  R3 
R3  t 

^  1,5  amps  X  10  ohms 

=^15  volts 

Check  in  the  formula: 

^a  =  ^Rl^^R2^^R3 
150V  =  45V  +  90V  +  15V 

150V  =  150V 

5-23.  Before  making  false  starts,  always 
examine  the  circuit  to  see  what  is  known. 
Remember,  anytime  we  have  two  knowns 
we  can  always  solve  for  the  unknown.  In 
the  circuit  shown  In  figure  5-6,  find  the  size 
of  Rl. 


R2  »  100  Q 
Figure  5-6 

What  is  known  about  Rl? 

a.  In  a  aeries  circuit  the  current  Is  the 
same  throughout  the  circuit*  Thus,  If  O.S 
amps  of  current  is  flowing  through  R2,  then 
the  same  amount  of  current  must  be  flowing 
through  Rl* 

b*  This  0*5ampsof  currentflowlngthrough 
Rl  produces  a  voltage  drop  of  25  volts  which 
is  indicated  by  the  voltmeter  in  the  circuit 
diagram* 

These  two  facts  allow  the  use  of  Ohm's 
Law: 


R  - 


Rl 


Rl 
t 


25  V 


=  50fl 


5-24.  Take  what  you  know  and  use  it  to 
calculate  what  you  don't  know. 

5-25*  Up  to  this  point  In  the  analysis  of 
aeries  circuits,  you  have  been  working  with 
Ohm's  Law.  Now  you  wlU  learn  to  work 
with  Kirchhoff's  Laws  for  currentand voltage. 
These  laws  may  be  stated  as  follows; 

a.  The  algebraic  sum  of  the  currents 
at  any  Junction  of  conductors  is  zero.  This 
means  that  the  sum  of  all  currents  flowing 
to  a  point  must  be  equal  to  the  sum  of  all 
currents  flowing  away  from  that  point. 

b.  The  algebraic  sum  of  the  applied  voltage 
and  the  voltage  drops  around  any  closed 
circuit  is  zero.  This  means  that  in  any 
closed  circuit,  the  applied  voltage  is  equal 
to  the  sum  of  the  voltage  drops  around  the 
circuit. 
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Stated  in  tormuU  form: 
^' ^t  "  4ll  *  4l»  *  ■  " 

5-26.  Klrchhoff's  Laws  are  uaed  to  find 
unknown  quantities  of  current  and  voltage  in 
any  part  of  a  series  circuit*  You  found  that 
the  total  current  flows  through  each  resistor 
In  a  series  circuit,  regardless  of  size  or 
number  of  resistors.  So,  current  Is  the 
same  throughout  the  circuit.  This  Is  a 
direct  application  of  Klrchhofl's  current  law. 
Refer  to  figure  5*7*  U  2  amperes  of  current 
flow  Into  point  A,  2  amperes  of  current 
must  flow  away  from  point  A« 

5-27.  Using  the  circuit  in  figure  5-8,  apply 
Ohm's  and  Klrchhoff's  Laws  to  solve  for 
total  current.  First  find  the  current  th^'ough 
resistor  RlbyapplylngOhm'sLaw.SubsUtute 
the  Ici.:  m  values  of  E^i  and  Rl  and  solve 
for  iRi. 


Since 


1  = 


Rl 


5V 


1  amp 


5*28.  The  current  flow  through  resistor  Rl 
is  1  ampere.  By  applying  Klrcbhoff' s  current 
law,  you  should  be  able  to  determine  the 
total  current.  The  total  current  Is  1  ampere 
because  in  a  series  circuit,  the  current  at 
any  point  in  the  circuit  Is  equal  to  the  total 
current. 

5-29.  To  prove  this  point,  add  all  the 
resistors  and  apply  Ohm's  Law  to  check 
the  above: 


2  AMPS 


2  AMPS 


-Wr- 


Figure  5-7 
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Eo  a  30V 


Fl 


Figure  S'S 
E 


R3  r  ISO 
 WS- 


a    30  V 


lA 


S-30.  Once  the  current  at  any  point  In  a 
series  circuit  is  known,  Klrchbofrs  current 
law  may  be  used  for  finding  total  current. 
For  example,  the  iiixistratlon  shown  Inilgure 
5-9  baB  three  unknown  resistors  connected 
across  a  16S*volt  battery,  and  the  current 
through  resistor  Rl  la  IS  amps.  By  applying 
Klrchhoff's  current  law  the  total  current 
Is  IS  amps.  Ohm's  law  la  used  to  solve 
for  total  resistance. 


E 

a 

■r 


165V 


HQ 


S-31*  Once  you  have  the  basic  Ideaa*  all 
ol  these  problems  are  pretty  much  alike* 
Now,  take  up  Klrchhoff'o  voltage  law.  This 
law  deals  with  vckltage  distribution  in  a 
closed  circuit* 

5-32.  Klrchhoff's  voltage  law  states  that  the 
^  applied  voltage  1a  equal  to  the  sum  of  the 
individual  vckltage  drops  in  a  closed  circuit. 
Referring  to  the  circuit  shown  in  figure 
5-lOt  Investigate  this  law. 

Rl 

 W^^  


—  Eq  =  165V 


— V 


(Rl  =  15  AMPS 


R2 


R3 


JIZP4-911 


Figure  S-9 
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■r  Ea  *  lOOV 


Figure  5-10 


R3 « 2S  0 


5.33.  The  applied  voltage  la  known  and 
the  value  of  each  realator  Is  known.  By  using 
the  total  resistance  e<iuatlon,  »  Rl  +  R2 + R3, 
the  totAl  resistance  can  be  determined.  By 
substituting  the  values  In  the  equation: 

R^  3  20  ohms  +  S  ohms  +  25  ohms 

The  total  resistance  is  50  ohms*  By  using 
Ohm's  Law,  tba  total  current  13; 


,     ^'a    lOOV     „  ^ 

S-34.  In  order  to  determine  the  voltage  drop 
across  each  resistor,  simply  use  a  form  of 
Ohm's  Law,  E^IR. 

s2Ax  20  ohms 
=  40V 

=.2A  X  S  ohms 
=  lOV 

»  2Ax  25  ohms 
=  50V 

5-35.  Kirchhoff's  Law  states  that  the  sum 
of  the  voltage  drops  Is  equal  to  the  apptled 
voltage.  Check  this  statement  using  the  total 
voltage  equation. 


Figure  5*11 


=a'"=Rl^=R2^ER3 
a40V  +  10V+50V 
=  lOOV 

5*36*  Since  the  applied  voltage  Is  100  voltS| 
and  the  application  of  Kirchhoff'a  voltage 
liw,  produces  100  volts;  It  checks  out* 

5*37.  Solve  another  problem*  This  time  the 
apptled  voltage  l-^  the  uniknown  quantity.  Use 
both  Kirchhofl's  and  Ohm's  Lawa  to  check 
the  solution.  Use  the  circuit  shown  In  figure 
5-11* 

5-38.  Since  the  current  through  resistor  Rl 
Is  known,  the  total  current  of  the  circuit  la 
known  (Kirchhofl's  current  law).  By  using  the 
total  reaistance  equation,  the  total  reslatance 
can  be  determined.  Calculate  the  applied 
voltage  uaing  Ohm's  Law  a  jr)^  Solve  for 
the  applied  voltage  using  Kirchhofl'a  Law 
by  taking  the  sum  of  the  voltage  drops  In 
the  loop  and  see  If  the  answers  are  the 
same. 

living  with  Ohm's  Law  E  ^  IR,  first 
determine  total  resistance* 

R^  =R1  +R2  +  R3  +R4  +  R5 

=  2^  +  en  +  4n  +  loSl  +  bSI 

=  30n 


Then: 


=  2Ax  30  ohms 
=  60  volts 
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In  thlfl  caae,  before  applying  Klrchhoff's 
LaWf  you  must  first  use  Ohm's  Law  to 
find  the  Individual  voltage  drops. 

Voltage  drop  across  Rl: 

a  2  A  X  2  ohms 
=  4V 

Voltage  drop  across  R2; 

E     3  I  R2 
R2  t 

a  2  Ax  6  ohms 
=  12V 

Voltage  drop  across  R3: 

=  2  A  X  4  ohms 
=  8V 

Voltage  drop  across  R4: 

»  2  A  X  10  ohms 
=  20V 

Voltage  drop  across  R5: 
ER-  =  tR5 

9  t 

=  2  A  X  8  ohms 
=  16V 

Applying  Kirchhofl's  Lav 

^a  =  ^Rl  ^^R2^S3^V-E^5 
==4V  +  12  V  +8V  +  20V  +  16V 

=  60  volts 


S-30.  Looking  back  at  theanftwer  derived 
using  Ohm's  LaW|  you  will  see  that  the 
answer  Is  the  same  in  both  methods. 


S*40.  Electrical  Power  and  Energy 

S-41.  Power  Is  the  rate  of  doing  work  per 
unit  of  time.  Work  results  from  a  force 
acting  on  a  muss  over  a  distance*  The 
operation  of  electrical  circuits  Involves  a 
force  {voltage)  acting  on  a  mass  (electrons) 
over  a  distance.  The  amounted  timerequlred 
to  perform  a  given  amount  of  work  will 
determine  the  power  expended  or  dissipated. 
Expreesed  as  an  equation,  the  relationship 
between  power,  work,  and  time  is: 


_  Work 
P.-- 


Where:       P  «  power  in  ivatts 

Work  M  work  in  Joules 

t  « time  in  seconds 

5-42.  Since  energy  Is  the  capacity  to  do 
work,  power  can  be  defined  as  the  time 
rate  of  developing  or  expending  energy. 
In  electrical  circuits,  electrical  energy  is 
transformed  Into  heat  energy.  Following 
the  law  of  conservation  of  energy,  the  heat 
energy  will  be  equal  in  value  tothe  electrical 
energy  causing  It.  Therefore,  by  measuring 
the  amount  of  heat  energy  given  off  by  an 
electrical  circuit  In  a  given  amount  of 
time,  the  amount  of  electrical  power 
consumed  In  the  circuit  can  be  determined. 

5-43.  An  experiment  measuring  the  heat 
given  off  by  an  electrical  circuit  was 
performed  by  an  English  physicist*  James 
Joule  in  1843.  He  e^qperlmentally  proved 
that  the  amount  of  heat  produced  by  an 
electrical  circuit  was  dependent  upon 
current  and  resistance.  This  proportional 
relationship  Is  known  as  Joule's  Law,  and 
Is  stated  as  follows: 

The  amount  of  heat  produced  by  a  circuit 
element  Is  directly  proportional  to 
resistance,  the  square  of  the  current,  and 
time. 
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Meat  «  R  X  1  x  t 


5-44.  The  amount  of  heat  energy  produced 
Is  equal  to  the  amount  of  work  performeil. 


Therefore!  Work  »  B  x  1  x  t 
Since; 


^  t 


„  R  X  r  X  t 
p  »     ^  — 


p-tr 


5-45,  By  substituting  Ohm's  Law  valueslnto 
the  power  formula  developed  from  Joule's 
Law,  other  ecjuatlons  can  be  derived  that 
are  useful  in  determining  power,  • 

P  =  I^ 


Since: 


P  -I^R 


=5XB 


The  resultant  equation  is  useful  when  the 
resistance  and  voltase  are  known. 


5-46.  The  power  formula  can  also  be 
expressed  as  an  equation  in  terms  of  current 
and  voltage. 


Since: 


Figure  5-12 


=  E 
B  ■  1 


P  =  1^B 


A?) 


,2  £ 
I  x^ 


5*47,  The  unit  of  measure  for  electrical 
power  Is  the  WATTCV).  In  each  of  the  three 
derived  equations,  power  will  be  in  watta. 
As  an  example:  When  I  volt  of  potential 
difference  produces  a  ctirrent  of  I  ampere, 
the  power  expended  Is  I  watt.  The  watt 
represents  the  rate  at  any  given  Instant 
at  which  work  Is  being  done  In  moving 
electrons  through  a  circuit* 


Example:  What  Is  the  power  expended  In  a 
circuit  when  an  EMF  of  5  volts  causes  a 
current  of  5  amps  aslndlcatedlnflgure  5*12? 

Given;       1^5  amps 
E  *  5  volt 
P«? 

solution:    P  ^  IE 

«  5  amps  X  5  volts 
«  25  watts 


6d 
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Figure  S-13 


S«48.  U  voltage  and  resistance  are  known* 
as  in  figure  S«13t  the  formula  containing 
voltage  and  resistance  Is  best  suited  to 
compute  power: 


Given: 


Solution: 


E  ^  S  volts 
R  »  1  ohm 
Pa? 

2S 

=  T 

3  2S  watts 


S*49«  Had  the  current  and  resistance  been 
known  as  in  figure  S-14,  the  fbrmula  I^R 
would  apply. 


Given: 


Solution: 


I  =  S  amps 

R  =  1  ohm 

P  =  ? 

P  =I^R 
-  (S)^l) 
3  2S  watts 


S-SO.  The  previous  examples  demonstrated 
that  any  form  of  the  power  formula  may  be 
used  to  find  power  in  a  circuit.  Likewise 
if  the  power  dissipated  in  a  simple  circuit 
is  known  and  the  value  of  any  one  of  the 
other  circuit  quantities  is  known  (E,  ItOrR)^ 


Figure  5*14 


the  value  of  the  remaining  quantities  can 
be  found* 

Example:  The  power  dissipated  by  the  1  ohm 
resistor  in  figure  5*15  is  2S  watts*  What  is 
the  value  of  current  and  voltage  In  the 
circuit? 


Given: 


P  =  25  watts 
R  3  1  ohm 
E  =  ? 


Solve  for  E:   P  ^ 


Solve  for  I: 


E    o  PR 
E  ^ifPR 

or  S  volts 

P  I^R 

R'TT 


1-^ 


I  ^ 


*  S  amps 
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Figure  6-lS 


—110V 


R1  ilOfl 


R2« 


20O  P 


R3  >2SQ 
 W\r- 


Flgure  5*16 


5-51*  Wltb  a  knowledge  of  tranaposltlon  of 
equations,  the  solution  o(  a  simple  circuit 
can  be  found  when  any  two  values  are  known* 
Circuits  having  known  values  of  power  and 
current,  or  power  and  resistance,  can  be 
solved  stmllarly  to  the  circuit  of  figure 
5-15  by  using  Joule's  Law  and  Ohm's  Law 
correctly^  Always  begin  circuit  analysis 
by  determining  what  Is  given  and  choosing 
a  formula  with  two  known  values  and  an 
unknown  that  you  wish  to  find. 


5-52.  So  far  the  unit  of  electrical  power 
with  respect  to  the  watt  has  been  discussed. 
Quite  frequently  a  larger  unit  of  electrical 
power  caUed  a  iaLO\¥ATT  (kW)  is  used. 
One  kw  equals  1000  watts.  Since  power  Is 
the  rate  of  doing  work  or  consuming  energy, 
the  length  of  time  power  Is  used  Is  the  true 
measure  of  ener^  consumed.  It  Is  common 
practice  to  pur^h^.4e  electrical  energy  by 
WATT-HOURS  ^  hours).  This  unit  is 
80  smaU  that  the  w^*  iOLOWATT-HOUBS, 
eqjual  to  1000  watt  hoursf  is  used.  As  an 
example,  a  lOO^watt  bulb  requires  100  watts 
of  power  for  proper  operation  andcomsumes 
100-watt  hours  of  energy  in  1  hour.  In 
terms  of  kllowatt^hours,  the  lamp  uses  0.1 
hour  In  1  hour.  In  10  hours  of  operation, 
the  bulb  would  consume  1  kilowatt-'bour  of 
energy.  In  24  hours,  the  bulb  would  consume 
2.4  kilowatt-hours.  At  5  cents  per  kilowatt 
hour  this  would  cost  12  cents. 


Example;  Three  resistors  are  connected  In 
series  across  a  HOV  source  as  shown  In 
figure  5-16.  with  the  Information  given, 
find  Rt,  It,  Eri,  Er2,  Er3,  Pri,  Pr2, 
Pr3,  ^,  and  the  kilowatt-hours  consumed 
In  12  hours. 


Solutions: 


R^  »  Rl  >R2  >R3 
«  10  >  20  >  25 
s  55  ohms 
E 


V 


a 


iiov 

«  2  amps 

a  2  A  X  10  ohms 
=  20V 

a  2A  X  20  ohms 
=  40V 


2  A  X  25  ohms 
50  V 


=s  2  X  10  ohms 
=  40W 


R3 


=  2  X  20  obms 
=  80W 

2 

=  2  X  25  ohms 
a  lOOW 


71 

334 


37 


Figure  5-17 


5-53,  Now  that  It  Is  known  how  much  power 
la  being  expended  by  each  realatori  almply 
take  the  sum  of  the  Individual  powers 
for  the  total  power.  Stated  in  formula  form: 

P  =  P       P     +  P 
t      Rl  ^   R2  R3 

=  40W  +  80W  +  100W 

«  230  W 

5-*54.  Another  way  to  determine  the  total 
power  expended  In  a  circuit  Is  to  multiply 
the  total  current  by  the  applied  voltage. 
Stated  in  formula  form; 

^  =  ^^=a 
=  2Ax  UOV 
=  220W 

5-55,  To  determine  the  number  of  kilowatt- 
houra»  the  following  formula  can  be  used: 

W  X  t  (time  in  hours) 

=  nsinj  


Electrical  components  are  often  given 
a  power  rating.  The  power  rating  In  watts 
Indicates  the  rate  at  which  the  device  can 
convert  electrical  energy  into  another  form  of 
energy  such  as  light,  heat^  or  motion.  An 
example  of  such  a  rating  is  noted  when 
Comparing  a  ISO^watt  lamp  with  a  lOO^watt 
lamp.  The  higher  wattage  rating  of  the  150* 
watt  lamp  Indicates  It  Is  capable  of  converting 
more  electrical  energy  into  light  energy  than 
the  lamp  of  the  lower  rating.  Other  examples 
of  devices  rated  In  this  manner  are  soldering 
irons  and  toaaters* 

5-57.  In  aome  electrical  devices  the  wattage 
rating  indicates  the  maximum  power  the 
device  Is  designed  to  dissipate,  rather  than 
the  normal  operating  power*  A  150*watt 
lamp,  for  example,  dissipates  150  watts 
when  operated  at  the  rated  voltage  printed 
on  the  bulb.  In  contrast,  a  device  such  as 
a  resistor  Is  not  normally  given  a  voltage 
or  a  ciirrent  rating.  A  resistor  Is  given  a 
power  rating  in  watts  and  can  be  operated 
at  any  combination  of  voltage  and  ciirrent 
as  long  as  the  power  rating  is  not  exceeded. 
In  most  circuits  the  actual  power  dissipated 
by  a  resistor  will  be  considerably  less  than 
the  resistor's  power  rating. In  weU^designed 
circuits  a  safety  factor  of  100%  or  more  Is 
allowed  between  the  actual  dissipation  of  the 
resistor  in  the  circuit  and  the  power  rating 
listed  by  the  manufacturer.  The  wattage 
rating  of  the  resistor  Is  thus  the  maximum 
power  the  resistor  can  dissipate  without 
damage  from  overheating, 

5*58,  Resistors  of  the  same  resistance  value 
are  available  with  different  wattage  ratings. 
Carbon  resistors,  for  example,  are  commonly 
made  in  wattage  ratings  of  1/8,  1/4,  1/2,  1, 
and  2  mtts.  The  larger  the  physical  size 
of  a  carbon  resistor^  the  higher  Its  wattage 
ratingp  since  a  larger  amount  of  material 
will  radiate  more  heat. 


220  X  12 
2640 
=  2.64 


ERLC 


72 


5*59,  When  resistors  of  wattage  ratings 
greater  than  2  watts  are  needed,  wire- 
wound  resistors  are  normally  used.  Wire- 
wound  resistors  are  made  in  sizes  between 
5  and  200  watts  with  special  types  being 
used  for  power  In  excess  of  200  watts.  See 
figure  5*17. 


3  7^ 


Figure  5-18 

5-80*  Characteristics  of  Series  DC  Circuits  Conductors 


a*  The  same  current  flows  through  each 
part  of  a  series  circuit* 

b*  The  total  resistance  of  a  series  circuit 
Is  equal  to  the  sum  of  the  Individual 
resistances* 

c*  The  applied  voltage  In  a  series  circuit 
Is  equal  to  the  sum  of  the  Indlvldtial  voltage 
drops* 

d*  The  voltage  drop  across  a  resistor  In 
a  series  circuit  Is  proportional  to  the  ohmic 
value  of  the  resistor* 

e*  The  total  power  dissipated  In  a  series 
circuit  Is  equal  to  the  sum  of  the  Individual 
power  dissipations* 

5-61*  Parallel  Resistive  Circuits 

5-62*  It  Is  often  necessary  to  connect 
electrical  devices  so  the  entire  source 
voltage  is  across  each  device*  A  circuit 
having  more  than  one  path  for  current 
flow  Is  a  parallel  circuit*  The  diagram  in 
figure  5-18  shows  a  parallel  circuit  that 
you  should  he  very  familiar  with  in  your 
home* 

5-63*  The  same  voltage  source  is  being 
applied  acrosa  the  lamp,  Iron^  radio,  and 
vacuum  cleaner.  This  brings  you  to  the 
requirements  for  a  parallel  circuit*  They 
are  as  follows: 

a*  A  power  source 


c*  Load  devices 

d*  More  than  one  path  for  current  flow* 


5-84*  Refer  to  circuit  in  figure  5-19*  Hote 
that  points  A,  B,  C,  and  D  are  connected 
together  and  are  one  point  electrically  when 
the  switch  Is  closed*  Similarly  points  E,  F, 
G,  and  H  comprise  another  electrical  point* 
The  applied  voltage  appears  between  points 
B  and  between  points  C  and  G,  as  well 
as  between  points  D  and  H*  When  resistors 
are  connected  in  parallel  across  a  voltage 
source^  each  resistor  tiasthe  same  voltage 
applied*  The  currents  may  differ,  depending 
on  the  values  of  resistance*  The  voltage  in 
a  parallel  circuit  may  be  expressed 
mathematically  as  follows: 


E  =E, 
a  1 


Where  Ej  is  the  applied  voltage,  E\  is  the 
voltage  across  Rl,  Ej  is  across  R2,  and 
E3  is  across  R3, 

A  ^         B  C 

o  — »■ 


Figure  5-19 
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Figure  5-20 


5-87,  In  a  parallel  circuit,  you  have  aeen 
that: 

^"'^1*^2^^3 

By  Ohm's  Law»  you  may  obtain  the  following 
relationships: 


5*85«  Refer  to  the  circuit  in  figure  5-20* 
Note  that  the  total  current  divides  among 
the  branches  in  a  parallel  circuit  in  a 
manner  depending  on  the  resistance  of  each 
branch*  Branches  in  a  parallel  circuit  with 
low  resistance  draw  more  current  than 
branches  with  high  resistance*  Kirchhoff's 
current  law,  as  you  remember^  states:  The 
current  flowing  toward  a  point  is  equal 
to  the  current  flow  away  from  apoint*  There- 
fore, the  current  flow  in  the  circuit  may 
be  expressed  mathematically  as  follows: 

=  II  +  ^2  + 

5*66*  Wtiere  It  Is  the  total  current  and  II, 
and  I3  are  the  currents  through  Rl,  R2, 
and  R3,  respectively.  To  calculate  the  total 
current,  simply  add  the  individual  branch 
currents  by  using  the  It  formula*  Before 
calculating  total  current  it  will  be  necessary 
to  calculate  the  individual  branch  currents 
by  using  Ohm^s  Law: 


T       a    6V  . 


a  6V 
T  6V  ^ 


It'll  +I2  +  I3 


=  *4A  4  *24A  ^  *5  A 
=  1.14  amps 


1 

Rl 


'2  =  ft2 

^3 
^3"K3 

5-68.  Substitute  these  values  in  the  equation 
for  total  current* 

^a    ^1    ^2  ^3 

5-69*  In  a  parallel  circuit  Ea-Ei  =E2  =  E3* 
Therefore, 


E      E  E 
a     a  a 


Divide  through  by  E^ 

1111 

5*70.  This  equation  is  known  as  the 
reciprocal  formula  for  finding  the  total  or 
equivalent  resistance  of  a  parallel  circuit. 
Another  form  of  the  equation  may  be  obtained 
by  solving  for  Rt*  Thus» 


^t  "        +  1/Ri  +  1/^3 


5*71*  An  analysis  of  the  equation  for  total 
resistance  in  a  parallel  circuit  reveals  that 
Rt  is  always  less  than  the  smallest  resistive 
branch  in  a  parallel  circuit*  Tbus»  a  10-ohm, 
a  20*ohm»  and  a  40-ohm  resistor  connected 
in  parallel  have  a  total  resistance  of  less 
than  10  ohms* 


ERIC 
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Figure  5-21 


5>72.  If  there  are  only  two  resistors  in  a 
parallel  circuit,  the  reciprocal  formula  is: 


1 


1  1 


5-73.  This  may  be  simplified  still  further 
to  a  formula  called  the  product  over  the  sum 
formula; 


I  ^*\] 

TTEo         RlJlSfl       R2530fl  R3S20fl 

I  


Figure  S-22 
1111 

1111 

1  3 

B  -300 


_     Rl  X  R2 

^  =  smE2 

5-74.  Tile  equivalent  resistance  of  two 
resistors  in  parallel  is  equal  to  the  product 
of  the  two  resistors  divided  by  their  sum. 
For  example,  a  20-ohm  resistor  and  a  30- 
ohm  resistor  in  parallel  are  equivalent  to  a 
resistor  of  12  ohms.  ThisisfoundasfoUows: 


,  20  X  30  600 
*t  =  23T3B  '  W 


^  12  ohms 


5-75.  The  total  resistance  of  any  number  of 
equal  resistors  connected  in  parallel  Is  equal 
to  the  resistance  of  one  resistor  divided 
by  the  number  of  resistors.  Expressed 
mathematically, 


where  Rt  Is  the  total  resistance,  R  is  the 
resistance  of  one  resistor,  and  N  is  the 
number  of  resistors. 

5-76*  For  three  300-ohm  resistors,  this 
equation  may  be  derived  as  follows: 


100  ohms 

5*77«  When  one  brancb  has  more  than  one 
resistor,  the  first  step  wUl  be  to  add  the 
series  resistance*  See  flgMre  5-2L 
5-78.  The  total  resistance  of  the  outer  branch 
(R2,  R3  and  R4)  wiU  be  Re  =  10+20f30=60 
ohms.  Because  Re  equals  the  value  of  Rl, 
then  the  formula  R*  =  ^  can  be  used  to 
find  the  total  resistance. 


R  ^6(^ 


30^ 


5-^79*  Quite  often  it  will  be  necessary  to 
apply  Klrchhoff's  Law,  as  well  as  Ohm's 
Law,  when  solving  for  tuiknown  quantities 
in  a  parallel  circuit.  Using  the  circuit  in 
figure  5*22,  solve  for  the  applied  voltage. 

5-80.  Klrchhoff's  voltage  Law  states  that  the 
sum  of  the  voltage  drops  in  a  closed  loop 
are  equal  to  the  applied  voltage.  Intbe  circuit 
shown  above  there  are  three  separate  closed 
loops.  They  are  ABFE,  ACGE,  and  ADHE. 
Fitbd  the  voltage  drop  in  one  loop,  and  you 
have  the  applied  voltage.  To  understand  this 
principle,  solve  loop  ABFE  by  using  ohm's 
Law: 


75 
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Figure  5-^23 


Figure  5-^24 


E  =m 

a 

=  llRl 

=  2A  X  15  ohms 
=  30  volts 

5-81.  Now^  by  using  Ohm's  Law,  solve 
loops  ACGE  and  adHE* 

E  =m 
a 

=  l2ft2 

^  1  A  X  30  ohms 
=  30  volts 


60  V 

2  mA 
E 


60  V 
3  mA 


E 

a 


==I3R3 

=  1,5  A  X  20  ohms 
:=  30  volts 


5'82.  A  good  point  to  remember  when  dealing 
with  parallel  resistive  circuits  is  that  the 
applied  voltage  is  equal  to  the  total  voltage 
drop  in  any  branch,  or  loop. 


5-83.  Using  the  circuit  in  figure  5-23, 
solve  for  the  individualbranch  currents,  when 
given  the  applied  voltage,  and  the  branch 
resistances.  Using  Kircbhoffs  Law,  you  know 
that  the  voltage  drop  across  each  resistor 
is  equal  to  the  applied  voltage.  By  using 
Ohm's  Law,  the  current  in  each  branch  can 
be  calculated. ' 


I3 


E 

a 
r3 


60  V 


e  5mA 

5-84,  Again,  knowing  and  applying  a  principle 

of  Kirchhoft's  voltage  Law  enables  you 
to  solve  for  the  individual  branch  currents. 
Hote,  also,  the  fact  that  the  highest  current 
flows  through  the  branch  that  contains  the 
lowest  resistance. 

5-85,  Using  the  circuit  in  figure  5-24, 
solve  for  individual  branch  resistances. 
The  process  is  essentially  the  same  as 
when  you  solved  for  branch  currents.  By 
Kirchhoff's  Law,  the  voltage  drop  across 
each  resistor  is  eq[ual  to  the  applied 
voltage.  By  using  Ohm's  Law,  the 
resistance  in  each  branch  can  be  calculated. 
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Figure  5-25 


RL 


28V 

»  14  ohms 
E 


R2 


^12 
28  V 

~  58  ohms 
E 


R3 


13. 

28  V 
TX 

28  ohms 


5-88.  Perhaps  the  beet  method  of  showing 
how  to  apply  these  different  formulas  Is  to 
take  an  example  of  each  and  work  it  out 
step  by  step.  Refer  to  the  parallel  circuit 
shown  in  figure  5-25.  Because  the  resistors 
are  of  unequal  value  and  the  circuit  contains 
more  than  two  resistors,  use  the 
reciprocal  formula  to  solve  for  total  re- 
sistance. 


=  15  kn 

5«87«  Another  method  often  used  to  calculate 
the  total  equivalent  resistance  using  any 
number  of  resistors  in  parallel  is  to  assume 
a  convenient  voltage  across  the  parallel 
branch.  The  currents  that  wouldflowthrough 
each  branch  >tfith  the assumedvoltage  applied 
are  then  added  to  obtain  the  total  current. 
The  equivalent  resistance  is  found  by  Using 
Ohm's  Law  -  dividing  the  assumedvoltage 
by  the  total  current. 

5-88.  For  example,  to  find  the  total 
resistance  of  the  circuit  shown  in  figure 
5*25,  use  an  assumed  voltage*  Choose 
a  voltage  that  is  easily  divisible  by  the 
value  of  each  of  the  resistors.  In  this  case, 
assume  90  volts  Is  applied.  Therefore: 

90  V 


12 


13 


90V 
90  V 


2  mA 


3mA 


Now  add  tbe  branch  currents: 
=  li  +  12  +  13 

=  1  mA  +  2  mA  +  3  mA  =  6  mA 

Divide  total  current  into  the  assumed  voltage 
to  determine  total  resistance: 


a  90V 


•  mA 


ISkohms 
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Figure  5-26 


Flguro  5-27 


5*89*  When  an  additional  resistor  la  added 
to  any  parallel  resistive  circuit,  the  total 
resistance  will  decrease  and  total  current 
will  increase.  To  examine  this  relationshlpt 
refer  to  the  circuit  In  figure  5-26, 


5-92*  Thus,  you  can  see  that  by  adding  a 
resistor  in  parallel,  the  total  resistance 
decreased  and  the  total  current  increased* 
By  removing  \reslstors»  the  opposite 
condition  results. 


S-90»  First  calculate  total  resistance 
and  total  current  with  R3  out  of  the  circuit* 
SI  Is  open. 


E 

a 


30  V 


6  zmn^ 


5-91*  Now  Insert  R3  Into  the  circuit  by 
closing  switch  SI.  Since  the  equivalent 
(Re)  of  Rl  and  R2  Is  5  ohms^  there  are 
two  unequal  resistances  in  parallel*  This 
situation  requires  the  use  of  the  product 
over  the  sum  formula  to  calculate  the  total 
resistance* 


R  xR3 

e  

R"nf3 

e 


5x20 
5  ^20 


100 


5-93*  The  method  of  calculating  the  power 
dissipated  In  a  parallel  DC  circuit  Is  Identical 
to  the  method  used  to  calculate  the  power 
dissipated  in  a  series  DC  circuit.  Using 
the  circuit  In  figure  0-21,  determine  the 
power  dissipated  by  each  resistor  and  the 
total  power  dissipated  by  the  circuit. 


5-04*  Since  the  voltage  and  the  Individual 
branch  currents^  are  given  the  power 
formula  can  be  used  tn  Its  original  form: 
P  =  I£,  The  power  dlsslpatedby  eachreslstor 
Is  equal  to  the  current  flowing  through  It 
times  the  voltage  drop  across  it.  Thus, 

=  2mA  X  60V  =  120mW 


Pr2  =  I2'^E2 

=  lmAx60V  =  60mW 


=  .5  mA  X  60V  =  30mW 


=  4n 


5-95.  The  total  power  dissipated  by  any 
circuit  Is  always  equal  to  the  sum  of  the 
power  dissipated  by  the  indlvldualreslstors. 
Thus, 


lERlC 


30  V 

■■  7.5  amps 


78 


'  ^Rl  *  ^R2  *  ^R3 


«  120mW-).60mW^30mW  =  210mW 

39J 


3f/ 


0*00*  Tho  total  power  diaaipated  by  tho 
circuit  in  figure  fi-27  can  also  be  calculated 
by  multiplying  total  current timeii  the  applied 
voltage.  To  find  total  current,  simply  add 
thd  individual  branch  currents.  Total  current 
is  eq[ual  to  the  sum  of  Ii  P^us  I2  plus  I3 
or  3*9  mA.  Thus, 

F  »IxE 

^  3*SmAx  60V 

s  210mW 

5-97.  The  power  fbrmula  has  two  other 
forms,  as  learned  in  series  resistive 
circuits.  If  the  total  current  and  total  re- 
sistance are  known,  uae  this  fbrm  of  the 
basic  fbrmula; 

P  «i     X  R 

This  formula  can  be  used  to  calculate 
individual  branch  powers  or  the  total  power 
^hen  the  voltage  is  unknown.  Refer  to  the 
circuit  shown  in  figure  5-28. 


Pjjj  :^(IirxRI 


'R2 


'R3 


(6  A}  X  20  ohms 
720  W 

(12)  ^xR2 

2 

(2  A)  X  60  ohms 
240  W 

(13)  ^  3t  R3 
(12A)^xlOohms 
1440  W 


^  =  ^R1^^R2^^R3 
=  720  W  +  240W  +  1440  W 

=  2400Wor2.4kW 

5^98.  The  total  power  dissipated  by  the 
circuit  in  figure  5-26  can  also  be  calculated 
by  multiplying  the  total  current  squared 


Figure  fi-28 


times  the  total  resistance.  To  find  the 
total  current,  simply  add  the  individual 
branch  currents.  To  flndthe  total  resistance, 
use  the  reciprocal  fbrmula  for  three 
resistors.  In  this  circuit  a  20.ohm,  a  60- 
ohm,  and  a  lO^ohm  resistor  in  parallel 
equals  a  total  resistance  of  6  ohms.  Thus, 


=  (20  A)  X  6  ohms 
o  400  X  e 

=2400  W  or  2.4  kW 

5-99.  If  the  applied  volUge  and  the  total 
resistance  are  known,  use  this  form  of  the 
basic  formula. 

^=T 

S- 100.  Referring  to  the  circuit  in  figure  5-28 
again,  calculate  the  total  power  dissipated 
by  the  circuit.  Befbre  the  above  fbrmula 
can  be  used,  it  will  be  necessary  to  de- 
termine the  applied  voltage.  Since  the 
current  through  any  one  resistor  is  known, 
as  well  as  the  ohmlc  value  of  that  resistor, 
calculate  the  voltage  dropacrossthat resistor 
by  using  Ohm's  Law.  Once  the  voltage  drop 
across  any  one  resistor  in  a  parallel  circuit 
is  known,  the  applied  voltage  is  known. 
Calculate  the  voltage  drop  across  Rl  to 
determine  the  appUed  voltage. 

E^  =  Ejjj>IlxRl 

=  6  A  X  20  ohms 

=  120V 

With  an  applied  voltage  of  120V  and  a  total 
resistance  of  6  ohms^  the  total  power 
dissipated  by  the  circuit  can  now  be  calculated. 
Thus, 
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Figure  S-29 


(120V)^ 

^  2400Wor  2.4kW 
S*101.Characteristicsof  Parallel  DC  Circuits 

a.  The  same  voltage  exists  across  each 
branch  of  a  parallel  circuit,  and  Is  equal 
to  the  applied  voltage.  is  common  to  all 
branches. 

b.  The  current  through  a  branch  of  a 
parallel  network  is  directly  proportional  to 
the  applied  voltage  and  inversely  proportional 
to  the  amount  of  resistance'of  the  branch. 

c.  The  total  current  of  a  parallel  circuit 
is  equal  to  the  sum  of  the  branch  currents. 

d.  The  total  reslstanceofaparallelclrcuit 
Is  equal  to  the  reciprocal  of  the  sum  of  the 
reciprocals  of  Ine  individual  resistances  of 
the  circuit  and  is  always  less  than  the 
lowest  resistance  value. 

e.  The  total  power  dissipated  byaparallel 
circuit  is  equal  to  the  sum  of  the  Individual 
power  dissipations. 


Figure  5-30 


9- 102.  Resistive  Bridge  Circuits 

9*103.  Bridge  circuits  are  frequently  uBed 
in  electronics  where  a  signal  from  one 
device  is  used  to  control  another  device. 
They  are  used  in  fire  control^  weapons 
control^  and  bomb  navigation  systems,  gome 
bridge  circuits  have  fixed  components  while 
others  contain  adjustable  components.  Bridge 
circuits  with  variable  components  are  used 
In  very  accurate  test  equipment.  This  lesson 
Is  confined  toresistive»  DC  bridge  circuits. 


S-104.  Figure  S-29  shows  &  parallel  circuit 
with  which  we  are  already  familiar.  It  has 
two  paths  for  current  flow.  Note  the  two 
Identifying  points  on  the  circuity  point  A 
between  resistors  Rl  and  R2  and  point 
B  between  resistors  R3  and  R4.  Suppose 
you  take  points  A  and  B  and  stretch  the 
circuit.  The  result  Is  a  diamond  shape. 

S-105.  To  make  a  bridge  circuit  out  of  this 
diamond  shape»  some  type  of  resistive  load 
(the  detecting  device)  must  be  connected 
between  points  A  and  B  as  shown  in  figure 
5-30. 

S-106.  Perhaps  you  can  see  a  relationship  in 
the  circuit  already.  If  there  Is  a  difference 
of  potential  between  points  A  and  Bp  current 
wlU  Howthroughtheloaddevice.  The  direction 
of  current  flow  Is  determined  by  the  polarity 
of  voltage  present  at  point  A  with  respect 
to  point  B.  On  the  other  hand,  if  there  is 
no  difference  of  potential  between  points  A 
and  Bt  no  current  wlU  flow  through  the  load 
device.  Quite  often»  when  the  bridge  circuit 
Is   used   In  electronic  test  Instruments. 


Figure  5-31 


Ea  ^  18V  A 


REP4-936 


3> 


Figure  5-32 

the  load  device  la  a  very  aensltlve  meter 
movement.  Figure  5-31  dhowa  &  galvanom- 
eter connected  between  polnta  A  and  B* 

5*107.  The  galvanometer  is  a  aensltlve 
current-Indicating  meter  which  measures 
magnitude  and  direction  of  current-  flow* 
With  no  current  flowing  through  the  meter, 
the  needle  wlU  point  to  zero.  When  the 
galvanometer  la  reading  zero,  the  bridge 
circuit  IB  aald  to  be  BALANCED.  When 
the  bridge  la  In  a  balanced  condition,  there 
Is  no  difference  of  potential  between  point 
A  and  point  B* 


5-108.  To  show  that  the  circuit  In  figure 
5*32  Is  a  balanced  bridge,  use  a  RATIO 
RELATlONSraP.  Using  the  ratio  relation- 
ship, Rl  is  to  R2  as  R3  Is  to  R4  or  2  ohms 
Is  to  4  ohms  as  3  ohms  is  to  6  ohms* 
Setting  this  ratio  ^P  in  mathematical  form, 
we  have: 

Rl  R3 
52  ^S? 


or 


By  cross  multiplication,  12  ohms  equals 
12  ohms*  The  bridge  Is  balanced* 

5-100.  Note  in  figure  5-32  the  relationship 
that  exists  between  any  two  resistors  in 
the  vertical  or  horizontal  plane; 

Rl  R2 


and 


In  numbers, 


and 


Figure  5.33 
Rl  R3 


5-110*  Another  method  to  determine  If  the 
bridge  Is  balanced  Is  to  determine  the 
potential  difference  between  points  A  and 
B  (figure  5-33)*  You  could  connect  a  volt- 
meter between  these  points,  but  instead  find 
the  answer  by  using  Ohm's  Law.  In  a  paral* 
lei  circuit,  is  the  same  In  all  branches. 
But  you  can  see  that  Rl  and  R2  are  In  series 
with  each  other  and  that  R3  and  R4  are  also 
In  series  with  each  other. 
Step  1; 

Find  the  resistance  of  Branch  A  and 
Branch  B. 


Branch  A; 


Branch  B: 


R^  =R1  +R2 
A 

*  2  ohms  +  4  ohms 
=  6  ohms 

Rq  »  R3  +  R4 

=  3  ohms  +  6  ohms 
s  9  ohms 
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Steij  2: 


Figure  5-34 


Find  the  current  through  Branch  A  and 
Branch  B. 


Voltage  at  point  B: 


2  A  X  6  ohms 
12  volts 


Step  4: 


Find  the  voltage  difference  between  point 
A  and  point  B. 


12V-  12V  =  0  volts 


Branch  A; 


'a  "It; 


18V 

=  3  amps 


Branch  B; 


^B  = 


lev 

s  2  amps 


Step  3; 


Compute  the  potential  at  point  A  and 
point  B.  A  ground  reference  point  has  been 
added  to  the  circuit  shown  in  figure  5-33« 
With  ground  at  this  point,  the  potentials 
at  points  A  and  B  are  positive  with  respect 
to  ground. 

Voltage  at  point  A: 

E^  =  IaXR2 

=  3  A  X  4  ohms 
=  12  volts 


With  0  volts  existing  between  the  two  points* 
no  current  will  flow  through  the  galvanometer. 
This  Is  the  condition  el  a  balanced  bridge. 


5-111.  Referring  to  the  bridge  circuit  shown 
In  figure  5-34,  determine  the  value  the 
unknown  resistor  must  be  to  balance  the 
bridge. 

Step  1: 

Set  up  the  basic  ratio  formula  and  Insert 
the  known  values. 

Rl  R3 
R5  ^53 


or 


RI 

m 


step  2; 
Solve  for  Rl. 


Rl  X  12  =  9  ohms  x  4  ohms 

12(R1)  ^36  ohms 

Rl  =  3  ohms 

When  Rl  equals  3  ohms,  the  bridge  Is  in  a 
balanced  condition.  No  difference  of  potential 
exists  between  points  A  and  B.Thtsbalanced 
bridge  condition  is  indicated  by  a  zero 
reading  on  the  galvanometer. 
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9^*112*  In  the  torfigoltis  fiXdmploi,  you  hav6 
been  \vorklng  with  d  balanced  brldgt  circuit* 
Exunltte  tho  c  h  a r a  c  t  o  r  1  n  1 1  c  s  oi  the 
UNBALANCED  bridge  circuit,  InflgureS^aS* 
A  positive  way  to  detdrmtno  whether  the 
bridge  is  balanced  or  unbalanced  In  to  use 
tho  ratio  formula* 

Rl  B3 
R2  "  B4 


or 


70  an 

140  "40 


By  cross  multiplication*  28  does  not  equal 
42«  therefore,  the  bridge  is  unbalanced* 
With  the  bridge  unbalanced*  a  voltage  exists 
between    points    A  and   B*  This  voltage 
can  be  determined  by  Ohm*s  Law. 


Figure  5-39 
Voltage  at  point  B: 

E  3  t  X  R4 

3  3  A  X  4  ohms 
3  12  volts 


Branch  A; 


R  at  21  ohms 
E 

'•ft 

21V 

-  1  amp 

Voltage  at  point  A: 

E  ^  1 X  R2 

«  1  Ax  14  ohms 
«  14  volts 

Branch  B: 

R  s  7  ohms 
1  * 


21V 
7  3  amps 


Voltage  twtween  points  A  and  B 


14V  -  12V  ^  2  volts 

The  voltage  between  points  A  and  B  Is  2 
volts*  Since  point  A  Is  more  positive  than 
point  B,  current  will  flow  'rom  point  B 
toward  point  A  through  the  galvanometer.  To 
balance  the  bridge  circuit  shown  In  figure 
5-35«  the  sl2e  oi  Rl,  R2»  R3»  or  B4  must 
change.  Assume  that  R4  Is  to  be  changed* 
Again  use  the  ratio: 


Rl  R3 


or 


7  3 


Solve  for  R4. 


7xR4  =  14x3 
7tR4)  =  42 

R4  7^  6  ohms 

Replace  the  4-ohm  resistor  with  a  6-ohm 
resistor  and  the  bridge  Is  again  balanced. 
There  ivlll  t>e  no  voltage  t>etween  points  A  and 
B  and  the  galvanometer  will  read  zero. 
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Figure  5-36 


5-113*  The  principles  of  the  bridge  circuit 
has  been  used  to  build  an  instrument  to 
measure  unknown  resistances*  tt  is  called 
a  Wheatstone  Bridge.  Look  at  figure  S-36. 
R2  is  variable  and  is  connected  to  a  dial 
that  is  calibrated  to  read  ohms.  is  an 
unknown  resistance.  To  find  the  value  of 
Bx  adjust  R2  until  the  bridge  is  balanced, 
then  read  the  value  of  R2  on  the  dial.  Why 
la  this  true?  In  figure  S-36  notice  that  Rl 
Is  equal  to  R3 ,  For  the  bridge  to  be  balanced 
R2  must  be  equal  to  Rx.  Therefore  the 
dial  reading  of  R2  gives  the  value  of  the 
unknown  resistor,  Rx. 

S-114,  The  largest  resistor  that  could  be 
measured  with  the  circuit  shown  In  figure 


5-36  is  1  megohm.  The  range  of  a  Wheat* 
stone  Bridge  is  increased  with  the  changes 
shown  in  figure  5-37. 


When  is  less  than  1  ohm,  switch  SI 
la  placed  in  the  R^  position.  Then,  resistor 
R^  is  adjusted  to  balance  the  bridge  circuit. 
The  si2e  of  R^  is  taken  from  the  dial 
reading  on  resistor  R^.  With  a  larger  un- 
known resistor,  switch  Si  must  be  rotated 
to  the  position  required  to  measure  the  un- 
known value.  For  example,  assume  that  the 
unknown  resistor  is  900  k  ohms.  In  this  case 
switch  SI  must  be  placed  in  the  R^  position, 
and  the  1-megohm  resistor  must  be  adjusted 
fbr  a  readout* 


F£P4'941 


Figure  5-37 
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S^US.  Serlefi'-ParaUel  ReBlfltlve  Clrcultd 

5«U6.  A  serlefl'-parftllel  clroilt  1^  simply 
a  group  of  parallel  reslstorB  connected  In 
series  with  otherreslstors.Aserles resistor 
is  one  with  total  current  ih)  flowing  through 
Itf  so  It  Is  easy  to  locate.  The  current 
distribution  In  a  series-parallel  circuit  is 
shown  below  In  figure  9-38.  The  total  cur- 
rent leaving  the  negative  side  of  the  power 
source  splits  and  has  two  paths  to  flow, 
and  l2f  then  It  recomblnes  for  total  current 
flow  through  Ri . 

5-117*  Any  series* parallel  circuit  can  be 
solved  by  following  these  six  steps: 

a.  Find  the  equivalent  resistance  (Rg) 
of  the  parallel  branches  and  draw  the 
equivalent  series  circuit* 

b.  Add  Rg  to  the  series  resistance  to 
get  Bt* 

c.  Calculate  It  using  Ohm's  Law 
(IfEa/Rt)- 

d.  Calculate  voltage  drops  across  series 
resistor  and  equivalent  resistor  (Eji^)* 

e.  Calculate  branch  currents  using  Ej^^ 
for  the  parallel  branches. 

f.  Calculate  power  dissipation. 

HOTE:  Wlien  calculating  total  resistance 
always  start  with  resistors  that  are  furtherest 
from  the  power  source* 

5-118.  Let's  use  these  six  steps  to  solve 
an  example  problem.  (Refer  to  figure  5-39). 

Step  1:  Find  the  Rg  (equivalent  resistance) 
of  the  parallel  branches  and  draw  the 
equivalent  series  circuit. 

E2xR3 
HE  "  R2  +  R3 

18kn3t9Kn 


R2  and  R3  are  the  parallel  branches,  and 
by  using  the  product  over  the  sum  formula, 
we  get  an  equivalent  resistance  (R^)  of 
8  k  ohms.  NOw»  draw  ah  equivalent  series 
circuit  using  R^  in  place  of  R2  and  R3. 
(Refer  to  figure  5-40.) 


Figure  5-38 


Figure  &-39 

Step  2:  Add  Rg  to  the  series  resistance 
(Rl)  to  get  Rt*  ^ 

R^.Rl+Rg 

^  2kohms  +  6k  ohms 

^  8k  ohms 


I 


24V 


Rl  Zko 


6ka 


27  X  lO" 


Figure  5-40 
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Step  3:  Calculate  1^  using  Ohm's  Law: 


24  V 

X  3  mA 

Remember,  when  dividing  by  k  ohms  the 
answer  will  be  in  mA. 

Step  4:  Calculate  the  voltage  drops  across 
the  series  resistor  and  equivalent  resistor 


=  3  mA  X  2k  ohms 

=  (3x  10"^)x  {2x  10^) 


=  6V 


RE 


3  mA  X  6  k  ohms 
t3x  10"^)  X  (6  X  10^) 


18V 


The  sum  of  the  two  voltage  drops  equals 
the  applied  voltage.  Klrchhoff's  voltage  law 
l3  true. 

=a  =  =R1  *  =RE 

24V  =  6V  +  18V 

Step  5:  Calculate  branch  currents  using  Ere 
for  the  parallel  branches. 


RE 


*R2  'm* 

18V 
=  1mA 


.  ^RE 
Tt3  "TTT 

18V 
2mA 

Total  current  equals  the  sum  of  the  branch 
currents. 


^t  =  ^2*^3 


3mA  =  1  mA  +  2mA 
Step  6:  Calculate  power  dissipation* 

PRl=^t''=Rl 
=  3mA  X  6V 
=  18mW 

Pr2  =  ^2  "  =R2 
=  1mA  X  18  V 
=  18  mW 

^R3  "  ^3  "  ^R3 
=  2mA  X  18V 
=  36  mW 

The  sum  of  the  power  dissipated  by  each 
resistor  equals  the  total  power  dissipated. 

t      Rl      R2  R3 
=  18mW  +  18mW  +  36mW 
=  72  mW 


Or 


P.  =  L  X  E 
t     t  a 


3  mA  X  24  V 
72  mW 


B6 


3S9 


FlKUre  5-41 


5*119.  Now  work  another  example  of  a 
aeries -parallel  circuit  using  the  six  steps, 
(Refer  to  figure  5-41), 

Step  1:  Find  Re  ^f  parallel  branches 
and  redraw  as  a  series  circulti 

-      R2  X  R3 


_3knx7ka 


21  X  10^ 
10  X  10^ 

2,1k  ohms 


The  equivalent  series  circuit  would  appear 
as  shown  in  fifWe  5-42. 

Step  2:  Find  Rt  by  adding  Ri  and  Re* 

R  =  Rl  +  R„ 
t  E 


=  L9k  ohms  +  2.1k  ohms 
=  4k  ohms 

Step  3:  Calculate  1^  using  Ohm's  Law. 
E 

40  V 
3  10  mA 

Step  4:  Calculate  voltage  drops  using  Ohm's 
Law. 


40V 


Figure  5-42 
=  (10x  10"^)x(1.9x  10^) 


19  V 


n  10mA  X  2.1k  ohms 


(10  X  10"^)  X  (2,1  X  10^) 


21V 


Step  S:  Calculate  branch  currents  using 
E[i£  as  the  common  voltage  for  the  parallel 
branches. 

,  ^RE 
T12  =*S5" 

21V 


(3  X  10^)0. 


7  X  10"^  A 


a  7  mA 
E 

,  RE 
T13  "ET 


21V 
(7  X  lO^a 
3x  10"^  A 

3  mA 


^Rl  =  ^  «1 


10mA  X  1.9k  ohms 


NOTE:  The  sum  of  the  branch  currents 
equals  the  total  current  of  10mA, 
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400 


R2  6kfl 


Figure  5*-43 

Step  6;  Calculate  power  dissipation.  Use  the 
l^R  formula  to  calculate  power. 


^Ri  -   ^  «i 


— A/W— 
R1  8l(fl 


90V  ^ 




Figure  5-44 


Or 


=  (lOmAr  X  1.9k  ohms 
=  (10  xlO'Vx  (1.9x10^) 
=  (100  X  10*^)  X  (1.9x10^) 
= 190 X  10*^ W 
-  190  mW 


^R2=<W 

2 

=  (7mA)  X  3k  ohms 
=  (7xlO"Vx(3xlO^) 
=  (49  X  10"^)  X  (3  X  10^) 
=  147  X  lO'^W 
=  147  mW 

Pr3  =  R3 

=  (3  X  10"V  X  (7  X  10^) 
=  (9  X  10"^)  X  (7  X  10^) 
=  63x  lO'^W 
=  63mW 


^t  =  ^Rl*^R2*^R3 


190  m W  147  m W  63  mW 
400  mW 


=  (lOmA)  X  4k  ohms 
=  (10xlO"Vx(4xlO^ 
=  (100  X  10"^)  X  (4  X  10^) 


=  400x  10  W 
s  400mW 


5-120.  Next  aolve  a  series-paraUel  circuit 
containing  three  parallel  resistors  and  two 
series  resistors.  (Refer  to  figure  5-43), 

Step  1.  Find  R^  of  parallel  branches  and 
redraw  the  circuit. 


=  Ik  ohm 

The  equivalent  series  circuit  would  appear 
shown  In  figure  5-44« 

Step  2:  Find  by  adding  Rg  and  series 
resistors. 

R.  «R1  ■kR2  ^.R^ 
t  E 

=  8k  ohms  ^  6k  ohms  ^  Ik  ohm 
=  15k  ohms 
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Stop  3;   Calculate  !(  using  Ohm's  Law. 
E 


I 


a 


90  V 
=  6mA 

Step  4:  Calculate  voltage  drops  across  the 
resistors  In  the  equivalent  series  circuit, 

'  6  mA  X  Bk  ohms 
=  4BV 


^R2 


'RE 


X  R2 
■■  6  mA  X  6  k  ohms 

:  36V  - 

6  mA  X  1  k  ohm 

=  6V 


The  sum  ol  these  three  voltage  drops  equals 
the  applied  voltage  in  accordance  with 
Klrchboff's  voltage  law. 

Step  5:  Calculate  branch  currents  using  E|t£; 
lor  the  parallel  branches. 


RE 
Tt3°  R3 


6V 

=  2  mA 
^RE 

-  6V 

=  2  mA 


^RE 
^R5  "TC5- 

BV 
s  2  mA 

The  sum  of  the  three  branch  currents 
equals  the  total  current  ol  6  mA, 

Step  6;  Calculate  power  dissipation* 

=  BmA  X  4BV 
=  2BBmW 

^R2  =  H  Er2 
=  BmAx3BV 

=  216  mW 

^RS'Sta^^RS 
=  2  mA  X  6  V 
=  12mW 


'r4  ^414"  ^R4 


=  2mAx  6V 
=  12  raw 


'r5    St5  "  ^R5 


=  2mA  X  6V 
-  12  mW 


^  =  ^Rir^R2*^R3*^R4*^R5 


2BB  mW  +  216  mW  +  12  mW 
+  l2mW+  12  mW 

S40mW 


a9 


lERlC 
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Figure  S''45 


Or 


=  6mA  X  90V 
»  540mW 


5*121,  One  final  example  will  complete  your 
study  of  series -parallel  circuits.  (Refer  to 
figure  5-45), 

Step  1:  Find  Re  of  the  parallel  branches* 
then  redraw  equivalent  series  circuits. 

NOTE:  There  are  two  series  resistors*  R3 
and  R4,  in  the  last  branch. 

When  a  parallel  branch  has  more  than  one 
resistor  In  It*  you  add  the  resistors  together 
to  get  the  total  resistance  of  that  branch. 
Then  use  that  sum  to  solve  for  Re- 

_  R2  X  (R3  +  R4) 
**E  =  R2  +  (ft3  +  k4) 

lokn  X  (5itn  +  lokn) 


lOHH  X  15Kn, 
lOHH  +  151^ 

(10  X  10^  X  (15  X  10^ 
(10  X  10^)  +  (15  X  10^) 


6 


150  X  10 
25  X  10^ 


=  6  X  10    or  6)c  ohms 

The  equivalent  series  circuit  will  appear 
aa  shown.  (Refer  to  figure  5-46.) 


I  ^AA^ 

I 


6 


Figure  5-46 


Step  2:  Find  R^, 


Rj.Rl.R^ 


»  4)c  ohms  +  6)c  ohms 
°>  10  k  ohms 


Step  3:  Calculate  1^. 


50V 
=  5mA 

Step  4:  Calculate  the  voltage  drops. 


Ej^j=I^xRl 


5mA  X  4)c  ohms 
20  V 


^RE'^t''^ 


=  5mA  x6k  ohms 
=  30V 

Step  5:  Calculate  branch  currents: 
E 

.  RE 

V2  =  -Kr 


90 


_30V 
=  3  mA 

403 


3^3 


30V 
"2  mA 


step  6:  Calculate  power  dissipation. 


=  SmAx20V 
=  100  mW 

2  "  ^2  ^R2 
3  3  mA  X  30  V 
«90mW 

To  determine  the  power  dissipation  for  R3 
and  R4«  first  calculate  the  voltasedrop 
across  R3  and  R4«  L,^  and  I^^  are  the  same 
current,  2mA« 

=  2  mA  X  5  k  ohms 
=  lOV 


2  mA  X  10k  ohms 
20V 


Now  calculate       and  P^^^: 
Pr3''^R3''=R3 


=  2mA  X  lOV 
=  20mW 

Pr4  =  ^4''=R4 
»  2  mA  X  20  V 
=  40mW 


=  PrI  *  Pr2  *  Pr3  *  Pr4 


lOOmW  +  90mW  20mW  40mW 
250  mW 


Or 


=  5  mA  X  50V 
3  250mW 


er|c 
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Chapter  6 


VOLTAGE  DIVIDERS 


6-1.  Unlike  the  situation  In  the  home,  ^vhere 
practically  all  electrical  appliances  operate 
at  the  same  voltage,  radio  and  radar  aeta 
require  several  dUferent  values  of  voltage, 
even  the  small  translator  radio  requires 
more  than  one  value  of  voltage.  It  la 
impractical  to  have  a  separate  power  source 
for  each  value  of  voltage  required,  especially 
aince  some  electronic  systems  require 
dozens  ol  dUferent  voltage  values*  A  device 
which  makes  it  possible  to  bbtain  more  than 
one  voltage  from  a  single  power  source  is 
known  as  a  voltage  divider. 


6-2.  A  simple  voltage  divider^  whose  purpose 
is  to  provide  voltage  values  other  than  the 
source  voltage*  Is  composed  of  a  number  of 
resistors  in  series  with  a  power  source 
as  shown  In  figure  6-1,  This  circuit  is 
simply  a  series  circuit.  It  has  three  resistors 
connected  across  a  source  of  voltage.  Taps 
are  provided  and  Identified  as  B  and  C. 
In  addition  to  the  taps,  a  ground  reference 
point  has  been  added  to  the  circuit.  The 
applied  voltage  is  available  at  point  D* 


150 <  15V 


—  30V 


IOqSIOV 


4 


Sq^SV 


6-3*  With  the  values  shown  in  figure  6-1,  it 
ifi  easy  to  see  that  there  is  a  total  resistance 
of  30  ohms*  The  applied  voltage  is  30  volts 
(point  D)*  By  using  the  Ohm's  Law  (I»E  divided 
by  R)^  1  amp  of  current  wlU  be  Howlng 
through  the  voltage  divider  network*  This  1 
amp  of  current  wlU  develop  a  Voltage  of  S 
volts  across  the  S-ohm  resistor^  lO  volts 
across  the  I0*ohni  resistor^  and  IS  volts 
across  the  IS-ohm  resistor.  The  voltage 
present  at  point  A  with  respect  to  ground  is 
0  volts.  The  voltage  at  tap  B  with  respect  to 
ground  is  S  volts.  The  voltage  at  tap  C  with 
respect  to  ground  Is  IS  volts  (SV  4-  lOV).  The 
voltage  at  point  D  with  respect  to  ground  is 
30  volts  <SV +10V+lSV)lfote  the  voltage  at 
point  D  is  the  applied  voltage*  Thus^  from 
one  common  power  source  it  is  possible 
to  obtain  several  different  values  of 
voltage, 

6-4,  Examine  the  voltage  divider  circuit 
shown  in  figure  6-2  and  see  the  dUTerent 
values  of  voltage  that  can  be  supplied.  By 
summing  the  resistors,  the  total  resistance 
is  100  ohms.  With  200  volts  applied  to  the 
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Figure  6*3 

circuit,  the  current  is  2  amps*  Hie 
voltage  drop  across  each  resistor  is 
as  follows: 


Ejjj  =  1  X  Rl 

3  2  A  X  10  ohms 
=  20V 


Figure  6*4 

6-6.  Up  to  this  point,  you  have  studied 
voltage  divider  circuits  that  have  one  side 
of  the  power  supply  grounded.  How,  move  the 
ground  from  one  side  of  the  power  supply 
to  some  other  point  on  the  vdtage  divider* 
See  figure  6*3*  By  adding  resistor  values, 
the  total  resistance  is  200  ohms.  With  a 
100-volt  power  supply*  current  will  be  .5 
amps.  Figure  the  voltage  drops* 


E  ^  ^  1  X  R2 
R2 


3  2  A  X  20  ohms 
=  40V 


Ej^3  =  lxR3 


=  2  A  X  30  ohms 


60V 


E_  .  =  I  X  R4 
R4 


=  2  A  X  40  ohms 


=  60V 


6*5*  How  see  what  voltage  is  available  at 
each  tap  with  respect  to  ground.  Between 
tap  B  and  ground,  there  is  20  volts*  Between 
tap  C  and  ground,  there  is  60  volts. 
(Remember,  always  add  the  voltage  drops 
from  ground  to  the  desired  tap.)  Between 
tap  E  and  ground,  there  is  200  volts  or 
the  applied  voltage* 


Ej^^-IxRl 


.5  A  X  40  ohms 
20V 


Ejj2    1  X  R2 


=  .5A  X  60  ohms 

'  30V 

E„^  =  1  X  R3 
R3 

-  .5  A  X  100  ohms 
=  50V 

6-7*  The  voltage  drop  across  Rl  is  20volts, 
Since  the  tap  at  point  A  is  connected  to  the 
negative  side  of  the  battery,  the  voltage  at 
point  A  Is  20  volts  negative  with  respect 
to  ground.  See  figure  6-4.  Resistors  R2  and 
R3  are  connected  to  the  positive  side  of  the 
battery.  Thus,  the  voltages  at  points  C  and 
D  will  be  positive  with  respect  to  ground. 
The  voltage  drop  across  R2  makes  point  C 
30  volts  positive.  The  voltage  at  point  D 
will  l>e  eauat  to  the  voltage  drop  across  R3 
and  R2  or  80  vdts  positive. 
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Figure  6-5 

6-8.  Another  way  to  determine  the  polarity 
of  a  voltage  drop  with  respect  to  ground 
In  a  voltage  divider  is  to  trace  the  direction 
of  electron  flow*  This  method  of  determining 
polarity  Is  shown  in  figure  6-S.  If  current 
Is  flowing  from  a  point  toward  ground, 
the  voltage  at  that  point  will  be  negative 
with  respect  to  ground.  Since  the  current 
flowing  through  Rl  Is  flowing  from  point 
A  toward  ground,  the  voltage  at  point  A 
is  negative.  If  current  Is  flowing  toward 
a  point  away  from  ground,  the  voltage  at 
that  point  will  be  positive  with  respect 
to  giound.  Since  the  current  flowing  through 
H3  is  flowing  toward  point  D  and  away  from 
ground,  the  voltage  at  point  D  Is  positive 
with  respect  to  ground. 


-lOOV 


40Q^R1 


—  lOOV 


60S3<R2 


1O0Q<R3 


1 


6*9.  With  the  arrangement  shown  In  figure 
6*5,  the  voltage  at  point  A  Is  negative  50 
voltd;  at  point  B,  negative  30  voltd;  and  at 
point  D,  positive  SO  volts*  Notice  that  figure 
6*5  Is  the  same  circuit  as  figure  6*4, 
except  the  ground  was  moved  from  point  B 
to  point  C,  By  merely  changing  the  ground 
point,  an  entirely  different  set  of  voltages 
exist  at  the  taps  with  respect  to  ground* 


6-10*  Now  refer  tothevoltagedlviderclrcult 
shown  In  figure  6-6.  The  ground  has  now 
been  moved  to  point  D.  The  voltage  drop 
across  each  reslMor  Is  still  the  same  as  in 
figure  6^5,  but  the  voltage  available  at  each 
tap  is  different.  The  voltage  at  point  A  Is 
"100  volts,  at  point  B  Is  -80  volts,  and  at 
point  C  is  -50  volts  with  respect  to  ground. 


6-11.  Quite  often  In  electronic  equipment, 
the  ground  symbol  not  only  represents  the 
reference  point  but  It  also  denotes  the  metal 
chassis.  The  value  of  uslngthemetalchassls 
for  ground  la  noted  when  considering 
economy,  ease  of  circuit  construction,  and 
ease  of  making  electrical  meausrements. 
When  completing  each  electrical  circuit, 
common  points  are  connected  directly  to  the 
metal  chassis;  current  flows  through  the 
metal  chassis  (conductor}  to  reach  other 
points  of  the  circuit.  An  example  of  using 
the  chassis  as  ground  is  Illustrated  in 
figure  6-7. 

 VW- 


Figure  6-6 
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6*12.  Rheostats  and  Potentiometers 


POTENTIOMETER 
B 


Figure  6-B 


6-13.  Quite  often  a  voltage  divider  network 
will  make  use  of  a  variable  resistor.  The 
variable  resistor  is  one  of  two  types.  One 
is  called  a  RHEOSTAT  and  the  other  is 
called  a  POTENTIOMETER*  Both  types  are 
shown  in  figvire  6-8,  There  is  a  slight 
difference  between  them.  Rheostats  have  two 
connectiotiSt  one  for  the  resistance  element 
and  one  for  the  wiper  arm,  Thepotentiometer 
has  three  connections*  two  for  the  element 
and  one  for  the  wiper  arm.  Rheostats  and 
potentiometers  have  a  wide  range  of  values, 

6.14,  A  rheostat  is  avariable  resistor  which 
may  be  used  as  a  control  to  vary  the  amount 
of  CURRENT  which  flows  through  a  voltage 
divider,  A  typical  circuit  in  which  a  rheostat 
Ls  used  is  shown  in  figure  6*9,  Since  the 
rheostat  controls  the  currentf  it  wlU 
determine  the  voltage  drop  between  point  X 
and  unround. 

6-15,  Examine  the  schematic  to  see  how 
the  rheostat  performs  its  function.  As  the 
slider  arm  is  moved  from  A  toward  B,  the 
amount  resistance  (AB)  in  the  circuit  is 
Increased.  Since  the  rheostat  and  the  fixed 
resistor  are  In  series,  the  total  resistance 
of  the  circuit  also  Increases,  The  total 
current  in  the  circultf  thereforet  decreases. 
By  a  similar  analysiSf  as  the  slider  arm  Is 
moved  toward  A,  the  total  resistance 
decreases  and  current  increases. 

6. 1 6.  Assign  values  to  the  circuit  components 
in  figure  6-9  and  calculate  the  total  resistance, 
total  currentf  and  voltage  drop  across  Rl 
when  the  rheostat  arm  Is  first  in  position 
A  and  then  in  position  B. 


Given: 

Applied  voltage  «  12V 
Rheostat  value  =  20  ohms 
Fixed  resistance  =  80  ohms 

Solution  (wiper  arm  at  A): 


R^  -  rheostat  resistance 
+  fixed  resistance 


=  0  ohms  +  BO  ohms 
=*  80  ohms 
E 


12  V 

.15  amps 


B  A 


-O 
X 


Rl 


-  12V 


Figure  6-9 
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Fl^re  6-10 

=  «1S  A  X  60  ohms 
=  12V 

Solution  (wiper  arm  at  B): 

R  =  rheostat  resistance 
4  fixed  resistance 

=  20  ohms  +  80  ohms 

~  100  ohms 


12  V 


.12  amps 


=R1  = 


,12  A  X  60  ohms 
9.6V 


6-17,  From  the  above  example  It  Is  evident 
that  the  voltage  drop  acrossRlwilldecrease 
from  12V  to  g,6V  as  the  arm  of  the  rheostat 
is  turned  from  position  A  to  position  B^Note 
IS  total  resistance  increased,  total  current 
decreased.  This  decrease  in  current  causes 
the  voltage  drop  across  Rl  to  decrease. 


6*16.  A  potentiometer  Is  a  variable  resistor 
usod  to  vary  the  amount  of  VOLTAGE 
applied  to  an  electrical  device  or  circuit* 
A  typical  circuit  in  which  a  potentiometer 
is  used  is  shown  In  figure  6*10. 


6-19*  Examine  the  schematic  to  see  bow  the 
potentiometer  Performs  Its  function*  As  the 
slider  arm  of  R2  Is  moved  from  A 
to  Bt  the  amount  of  resistance  In  the  basic 
circuit  does  not  change*  If  resistance  does 
not  change,  the  current  will  not  change. 
However*  U  a  voltmeter  Is  connected  In 
the  circuit  as  shown,  a  change  In  voltage 
would  be  noted  as  the  arm  Is  moved* 

8-20.  Assign  values  to  the  circuit 
components  In  figure  6*10  and  determinethe 
change  In  voltage  asthe  arm  of  potentiometer 
R2  Is  moved  from  position  A  to  position  B, 

Given:     E   =  12V 
a 

Rl  ^  60  ohms 
R2  «  20  ohms 
Solution:  R^  =Rl  +R2 

=  60  ohms  +  20  ohms 
=  100  ohms 


12V 

~  ,12A 

Ej^^^I^xRl 

s  .12  A  X  80  ohms 
»9.6V 

s  .12  A  X  20  ohms 
=  2.4V 
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d-21*  Whtin  the  arm  of  the  potentiometer  is 
in  potflUon  At  the  voltmeter  will  read  the 
voltage  drop  acrose  ^1  ^  In  formula 
form: 

^a*^Rl*^R2 
ti  12V 

6-22,  When  the  arm  of  the  potentiometer  Is 
In  position  Bt  the  voltmeter  will  read  the 
voltage  drop  across  RU  In  formula  form: 

^B-^Rl 
=  9,6V 

6-23.  It  Is  now  possible  to  obtain  anydeslred 
voltage  between  12V  and  9,6V  by  simply 
moving  the  arm  of  the  potentiometer  to 
some  point  between  point  A  and  point  B. 

6-24,  Using  a  potentiometer  as  a  voltage 
divider  provides  a  means  of  obtaining  a 
variable  voltage  from  a  fixed  voltage  source. 
The  potentiometer  is  one  of  the  most  common 
controls  found  In  electronics.  The  volume 
control  on  a  radio  receiver  and  the  bright^ 
ness  control  on  a  television  receiver  axe 
examples  of  Its  use.  In  choosing  a  potentl* 
ometer  for  a  given  purpose,  follow  tbe  same 
rules  for  a  resistor.  Select  the  proper 
ohtnic  value  and  power  rating. 

6-25,  Rheostats  and  potentiometers  are 
constructed  of  a  resistance  material  over 
which  a  sliding  contact  moves.  The  resistance 
may  be  distributed  In  many  ways;  the  type 
of  distribution  determines  the  classification 
of  the  control  as  LINEAR  or  TAPERED, 
The  linear  control  has  Its  resistance  evenly 
distributed  over  it's  entire  length.  The 
tapered  control  has  more  resistance  per 
unit  length  at  one  end  than  it  has  at  the  other. 
As  an  example,  one^half  turn  of  a  linear 
control  results  in  one*halI  of  the  total 
resistance  between  one  end  and  the  slider, 
while  one*haU  turn  of  a  tapered  control 
may  result  in  one*tenth  (or  any  fraction} 
of  ttie  total  resistance  between  one  end  and 
the  slider. 

6^26,  Tapered  controls  are  used  to  perform 
a  specific  job.  The  volume  control  on  your 
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Figure  6*^11 

radio  is  a  tapered  control.  The  taper  is 
used  to  compensate  for  the  way  the  human 
ear  responds  to  the  intensity  of  sound.  Most 
volume  controls  are  constructed  so  that  the 
midpoint  of  the  control  divides  the  resistance 
into  one-tenth  and  nine^tenths  parts. 

6^27.  Loaded  Voltage  Dividers 

6-28.  A  load  device  is  defined  as  any 
component,  mechanical  or  electrical,  that 
consumes  power  as  it  performs  its  function, 
A  resistor  is  often  used  as  a  load  device. 
We  must  distinguish  between  the  terms 
**liiajl^evice"  and  *noad/'  LOAD  MEANS 
CURRENT.  A  light  load  means  that  a  low 
value  of  current  Is  being  drawn  from  the 
power  source  or  battery.  A  heavy  load 
means  that  a  high  value  of  current  is  being 
drawn  from  the  power  source  or  battery.  It 
stands  to  reason*  then,  that  the  ohmic  value 
of  the  load  device  will  determine  the  amount 
of  load  placed  on  a  given  voltage  source. 
Placing  the  load  device  across  a  voltage 
divider  creates  a  LOADED  voltage  divider 
circuit. 

6-29.  Figure  6*11  Illustrates  a  loaded 
voltage  divider  circuit  with  four  dUferent 
load  devices:  a  radio  transmitter  between 
point  A  and  ground,  a  radio  receiver  between 
point  B  and  ground*  a  fan  motor  between 
point  C  and  ground*  and  a  lamp  between  point 
D  and  ground.  Careful  inspection  of  this 
loaded  voltage  divider  circuit  shows  it  to 
be  a  series-parallel  circuit. 
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Figure  6-12 

6-30«  To  calculate  the  Current  and  the  voltage 
within  a  voltage  divider,  use  Klrchhoffs 
Laws.  The  current  law  states  that  the  sum 
of  the  currents  entering  any  point  In  a 
circuit  win  equal  the  sum  of  the  currents 
leaving  that  point.  The  voltage  law  states 
that  the  sum  of  the  voltage  drops  around 
a  closed  loop  will  be  equal  to  the  ai>plled 
voltage.  Keep  these  laws  In  mind  while  you 
work  with  voltage  dividers.  The  current 
drawn  from  the  power  source  divides  between 
the  voltage  divider  and  load  devices;  It 
unites  again  as  It  returns  to  the  power 
source.  The  voltage  divider*  with  the  power 
supply,  form  a  closed  loop,  and  the  sum 
of  the  voltage  drops  along  the  divider  will 
equal  the  applied  voltage.  The  voltage  across 
the  each  load  device  will  equal  the 
voltage  present  at  the  tap  on  the  divider. 
As  shown  in  figure  6-11,  the  voltage  dropped 
across  R4  Is  the  voltage  present  at  point 
D  with  respect  to  ground.  Since  the  lamp 
Is  connected  to  point  D  on  the  divider*  the 
voltage  dropped  across  R4  Is  the  same  voltage 
that  Is  applied  across  the  lamp. 


6^31.  Talce  the  voltage  divider  circuit  shown 
in  figure  6-12  and  solve  for  the  voltage  at 
each  point.  The  divider  consists  of  four 
resistors  In  series  Identified  as  Rl,  R2> 
R3,  and  R4.  Each  load  device  Is  represented 
by  a  resistor  Identified  as  R5.  R6>  R7,  and 
R8.  Before  solving  for  Individual  voltage 


irops,  calculate  total  resistance  and  total 
current* 

6-33.  The  combined  effect  of  the  individual 
load  resistors  and  the  voltage  divider 
resistors  can  be  solved  by  starting  at 
the  inside  of  the  circuit  and  working  out. 
Solve  for  the  total  resistance  of  the  circuit 
in  four  steps* 


Step  1  (figure  6-13); 


R4  3C  R5 


100  X  100 


-  50  ohms 
Step  2  (figure  6-14): 


Step  3  (figure  6-15): 


Rc 


R4 

100 


Figure  6-13 


R3 
SO 


„^  ^  (Ra  ^  R3)  3C  R6  p.; 
™  "  (Ra  +  r3)  +  ftfl  50' 


(50  +  50)  X  100  5^ 


-  50  ohms 


R6 
100 


Figure  6-14 


(Rb  ^  R2)  3C  R7  R3: 
(Rb  +  R2)  +  R7 


(50  +  50)  JC  100 
ISO  +  50)  +  100 


^  50  ohms 


Figure  6-15 
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stop  4  (ligurfl  6-16): 


„     (Rc  +  Rl)xRe 


(60  +  50)  X  100 
'  ISO  ^  SO)  +  100 


»  so  tihma 


100 


Figure  6-16 


6-33.  With  the  applied  voltage  and  total 
resistance  kno^m,  total  current  can  be 
calculated  by  Ohm's  Law* 


6-34.  With  the  total  current  known,  apply 
Klrchhoff's  Laws  and  Ohm's  Law  to 
solve  for  Individual  branch  currents  and  the 
voltage  at  each  point  along  the  divider  with 
respect  to  ground.  Figure  6-17  shows  the 
Individual  paths  of  currentthrough  the  divider 
circuit.  The  total  current  in  the  circuit  Is 
equal  to  the  sum  of  the  Individual  branch 
currents,  or: 

^t  =  ^4^^5^^6^^7^^9 


6"3S.  To  determine  network  RESISTANCE^ 
you  worked  from  the  Inside*  To  determine 


voltages,  start  with  the  outermost  load 
device*  The  voltage  across  resistor  R6 
{point  A  with  reopect,  to  ground)  Is  the 
source  voltage*  Use  Ohm^s  Law  to  find  the 
current  through  R6,  then  solve  for  the 
remaining  currents,  as  Indicated  In  figure 
6-17* 

6*36.  The  follo>vlng  steps  are  shown  as  a 
method  of  determining  the  voltage  at  each 
point  along  the  divider.  Use  figures  6*17 
and  6-18  as  an  aid. 

Step  i; 


=  source  voltage  =  lOOV 


T     _        lOOV  ^,  . 

Step  2: 

11  "  *t  ^  ^8 
-j^j  =Ipj  X  Rl  =  lAx  50  ohms  ^  SO.V 


E. 


2A  -  1  Aii  lA 


E_  =E 
B  a 


E„,  »100V-  50V  ^  50V 
nl 


step  3: 

^2-^r^7^1A..5A=.5A 


E. 


■»Ip2        '  .5 Ax  50  Ohms  =  25V 

»:•.  t 


100V 


lOOV 


SO? 


sov 


sav 


12.5V 


?T  V 


R7 
100 


100 
A 


1« 


Figure  6-17 


Figure  6-18 
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Eg  -  Ejj2  =  50V  -  25V  =  25V 


-         C  25V 

^6  ~  "KB  * 

Step  4: 


.25  A 


^R2-Sl6  =  *5A-.25A».25A 
13 


Ij^j  X  R3  =  .25  A  X  50  ohms  «  12.5  V 


Sl4 

1 


D    12.5  V 
12.5  V 


.125  A 


=  .125  A 


"  106 

.125  A  -h  .125  A  4  .25A  4  .5  A  4  1 A 
2A 


6-37.  Analyze  the  voltage  divider  circuit 
shown  in  figure  6-19.  The  loadreslator  R3 
is  connected  through  switch  51  to  point  Y 
on  the  voltage  divider.  First,  calculate  the 
voltage  at  point  Y  ivlth  the  switch  open, 
under  a  no-load  condition.  Second,  calculate 
the  voltage  at  point  Y  under  a  loaded  condition, 
with  the  switch  closed. 

Switch  Open; 

R^  =  R1  -hR2  =  30kfl  +30kn  =  80kn- 


2  mA 


^R2  "  Sl2  ^      '  2mA  x  30k  ohma  ^  eov 


Ey 


R2 


60  V 


6-38.  The  voltage  at  polat  Y  without  the 
load  device  connected  to  the  divider  is  60 
volts.  Total  resistance  of  the  circuit  Is 
60  k  ohms  and  the  total  current  is  2  mA. 

Switch  Closed: 

n   ■  R2  X  R3  ^  30kn  x  15kn  _  ,^^rx 

R^  =  Rl  +  R^  =  30kn  -h  lOkn  =  401cft, 


1     ^  120V 
^Rl  ^Sll^^^  ^  3mA  X  301tJl  "90V 


Ey        -  Ejjj  =  120V  -  90V  =  30V  ^ 

6-39.  The  voltage  at  point  Y  with  the  load 
device  connected  to  the  divider  Is  30  volts. 
Total  resistance  of  the  circuit  is  40k  ohms 
and  total  current  is  3mA.  Looking  back  over 
the  calculations,  the  foUowingare  conclusions 
concerning  a  load  connected  to  a  voltage 
divider: 

a.  Total  circuit  resistance  decreases. 

b.  Total  circuit  current  increases. 

c.  The  voltage  drop  across  the  loaded 
portion  of  the  divider  decreases. 

d.  Voltage  drop  across  the  series  resistor 
increases. 

6-40.  AU  voltages  obtained  in  the  above 
explanations  have  been  positive  in  polarity. 
In  these  examples,  the  negative  terminal  of 
the  battery  was  grounded.  This  makes  all 
other  points  in  the  circuit  positive  with 
reference  to  ground. 
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6-41*  Recall  that  voltage  dividers  can  aupply 
negative  voltagea  when  the  pooltlve  battery 
terminal  la  grounded.  With  the  moat  positive 
point  grounded-  «11  other  points  In  the 
circuit  are  negative  with  reference  to  that 
point, 

6-42,  MOien  you  studied  unloaded  voltage 
dividers,  you  learned  that  both  ];>osltlve  and 


negative  voltages  may  be  obtained  from  a 
single  voltage  divider*  This  happens  if  some 
point  of  the  resistive  network  Is  grounded. 
This  point  could  NOT  be  ^ one  of  the  battery 
terminals,  but  must  be  In  the  resistive 
network  of  the  voltage  divider.  Calculations 
for  these  circuits  are  the  same  as  for  the 
examples  shown.  Just  keep  In  mind  that 
ground  Is  merely  a  reference  point. 
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Chapter  7 


TROUBtESHOOTING  DC  RESISTIVE  CIRCUITS 


7.1.  Troubleahootlns  Series  Resistive 
Circuits 

7-2.  What  Is  "troubleshooting"?  It  Is  the 
process  of  locating  causes  for  circuit  failure 
or  troubles.  At  this  time  troubleshooting  will 
be  limited  to  DCserles  resistive  circuits  that 
contain  opens  and  shorts* 

7-3.  Before  proceeding,study  the  definition 
of  an  open  circuit,  a  short  circuit,  and 
continuity* 

OPEN  CIRCUIT  -  A  circuit  that  is  not 
complete  or  continuous,  such  as  a  broken 
wire  or  burnt^d  out  fuse. 


SHORT  CIRCUIT  -  A  low  resistance 
connection  between  two  points  of  different 
potential  in  a  circuity  usually  accidental 
and  usually  resulting  in  excessive  current 
flow  that  may  cause  damage. 

CONTINUITY  -  A  state  of  being  continuous, 
connected  together,  a  circuit  that  is  not 
broken  or  does  not  have  an  c^en* 


7-4.  Consider  some  examples  of  opens.  In 
figure  7-1,  the  battery  shown  has  a  loose 


LOOSE 
CONNECTION 


Figure  7-1 


connection.  A  loose  connection  Is  the  same 
as  no  connection,  which  Is  the  same  as  an 
open  circuit.  Any  circuit  component  with  a 
loose  connection  opens  the  circuit,  which 
stops  current  flow*  Another  type  of  trouble 
that  will  cause  an  open  is  a  burned  out 
component. 

7«5*  Figure  7*2  shows  aburnedoutredistor. 
When  a  resistor  becomes  overheated,  one  ^ 
two  things  will  happen:  The  resistor  value 
will  change  or  the  resistor  will  completely 
burn  apart  due  to  the  excessive  *  current 
flowing  through  it* 

7*6.  Figure  7-3  shows  three  more  likely 
causes  for  an  c^en  circuit,  a  burned  out 
lamp  bulb,  a  burned  out  fuse,  and  a  broken 
wire.  All  of  these  are  examples  of  an  open, 
and  they  all  give  the  same  results. 

7-7.  The  examples  of  opens,  so  far,  could 
have  been  found  by  visual  inspection. 
However,  you  will  encounter  opens  In 
circuits  that  cannot  be  seen.  In  tbesr,  you 
will  have  to  use  a  meter  to  locate  the 
open  circuit* 

7*8.  The  circuit  In  figure  7-4  Is  used  to 
light  a  lamp.  Because  of  the  open  resistor, 
you  do  not  have  continuity  and  the  lamp  will 
not  light.  Suppose  the  resistor  appears  to  be  all 
right  upon  visual  Inspection.  How  canyoutell 
it  Is  open:  You  can  do  this  with  a  voltmeter 
or  an  ohmmeter. 


BURNED  OUT  RESJSTOR 


Figure  7-2  '^^"^^^ 
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BURNED  OUT 
LAMP  BULB 


BURNED  OUT 
FUSE 


BROKEN 
WIRE 


Figure  7-3 
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7-9.  First,  connect  the  voltmeter  acrossthe 
lamp  as  shown  In  figure  7-5,  A  reading  of 
0  volts  will  be  Indicated  on  the  meter.  The 
reason  for  the  zero  reading  Is  the  open 
resistor*  which  ^<^^  allow  current  to 
flow  through  the  circuit  With  no  current 
flowing  through  the  l^p,  no  voltage  will 
be  drqpped  across  the  l2xnp* 


7-10.  So  remember  this:  Wben  you  connect  & 
— ^        voltmeter  acrossagoodcomponentinaserles 
circuit  having  an  open  circuit,  the  reading  wlU 
be  zero, 

7-1 L  Now,  connect  the  voltmeter  acrossthe 
resistor  as  shown  In  figure  7^6. 


7- 12.  The  voltmeterhas,ln  asense,  clo^sd  the 
circuit  by  paralleling  the  burned  out  resistor 
and  provided  contlnultyin the  circuit. Current 
will  flow  from  the  negative  terrolnal  of  the 
battery,  through  the  switch,  through  the 
voltmeter,  through  the  lamp  and  back  to  the 
positive  terminal  of  the  battery.  This  current 
is  too  small  to  light  the  lamp  due  to  the  high 
resistance  of  the  voltmeter.  As  a  result  of 
Us  high  resistance  the  voltmeter  will  read 
the  applied  voltage. 


7^13,  So,  you  have  another  good  point  to 
remember*  When  the  voltmeter  is  placed 
across;  the  open  component  In  a  series 
circuit,   it  will  read  the  applied  voltage. 


BREAK 


Figure  7-4 
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Figure  7-5 
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Figure  7-6 
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Figure  7-8 


7*1 4«  An  open  component  can  also  be  found 
with  an  otmimeter.  To  use  the  ohmmeter, 
the  applied  voltage,  or  battery,  mijat  be 
disconnected.  Notice  that  the  battery  in 
figures  7-7  and  7*8  has  been  removed^ 
Now  connect  the  ohmmeter  across  the  lamp 
as  shown  in  figure  7*7* 


Figure 


7-lS*  With  the  ohmmeter  connected  across 
the  lajnpi  you  would  read  the  resistance  of 
the  lamp*  A  good  point  to  remember:  When 
an  ohmmeter  ia  connected  across  a  good 
component,  it  wlU  indicate  the  resistance 
of  the  component*  It  also  shows  continuity* 


7-'16*  With  the  ohmmeter  connected  across 
the  resistor  as  shown  in  figure  ^"8,  it  wlU 
indicate  infinite  resistance,  or  an  open* 
So  remember,  when  jrou  connect  the  ohmmeter 
across  an  open  component,  the  ohmmeter 
wUl  indicate  infinite  resistance* 

7-17*  By  now  you  should  have  a  clear 
understandinift  of  what  an  open  is,  and  how 
to  find  opens  in  a  series  DC  circuit  Now, 
study  the  other  common  trouble  in 
electrical  circuits  -  the  short* 

7*18*  You  have  seen  how  an  open  stops 
current  flow.  Shorts  produce  Just  the  opposite 
effect.  A  short  across  a  series  component 
produces  a  larger  than  normal  current  flow 
by  reducing  resistance.  Some  examples  of 
shorts  are  shown  in  figure  7*fi,  The  examples 
of  shorts  are  two  bare  wires  in  a  circuit 
touching  each  other,  connecting  the  two 
terminals  of  a  resistor  tc^ether,  connecting 
two  terminals  of  a  battery  together,  or 
improper  wiring. 


7-9 
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Figure  7-10 

7-19*  Since  you  know  that  a  short  Is  a 
connection  of  two  conductors  of  a  circuit 
through  a  very  low  resistance*  consider  the 
circuit  shown  In  figure  7-*10«  This  circuit 
Is  designed  to  light  a  lamp.  Since  the 
resistance  of  the  lamp  Is  normally  low,  a 
resistor  Is  .connected  In  series  with  It  to 
control  the  amount  of  current  flowing  through 
the  lamp.  It  the  lamp  Is  shorted  out,  total 
circuit  resistance  would  decrease,  and  the 
current  would  Increase.  This  increase  In 
current  would  cause  the  resistor  to  become 
hot.  It  the  battery  voltage  were  high  enough, 
the  Increased  current  could  destroy  the 
resistor.  However,  since  we  have  a  safety 
device  (fuse)  in  the  circuit,  the  fuse  should 
open  before  the  resistor  Is  damaged.  The 
fuse  Is  designed  to  open  the  circuit  before 
the  current  exceeds  the  rated  values  for  the 
other  components  In  the  circuit. 


7-20.  Usually,  a  short  circuit  will  produce  an 
open  circuit  by  either  blowing  the  fuse  or 
burning  out  a  component.  However,  In  a 
circuit  such  as  the  one  in  figure^  7-11, 
there  may  be  additional  resistors  In  the 
circuit  which  will  not  allow  one  shorted 
resistor  to  increase  the  current  suftlclently 
to  blow  the  fuse  or  bum  out  a  component. 
Examine  the  circuit  and  determine  the 
Increase  in  current  that  will  be  cauMd  by  a 
shorted  resistor. 


7-21.  First,  consider  the  circuit  without 
a  short. 


~  lOOV 


n4 

— \AAr- 
5O/200W 


-^AA/  
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Figure  7-11 
a,       a  Rl    R2    R3  R4 

« 2on  +  son + 25n  +  sn 

X  100  ohma 
E. 


b. 


100  V 
»  1  amp 

7-22,  Now  see  what  happens  when  R2  Is 
shorted. 


=  Rl  +  R3  +  R4 


^  20  ohms  25  ohms  5  ohms 
%  50  ohms 

^t 


t 


a 


100  V 
=  2  amps 

7-23*  With  resistor  R2  shorted  out,  the  fuse 
will  not  blow  since  the  current  does  not 
exceed  the  rating  of  the  fUse.  The  current 
Is  InsufXiclenttodamage  any  of  the  remaining 
resistors.  As  in  the  case  of  the  open, 
use  either  a  voltmeter  or  ohmmeter  to  find 
the  short  it  It  is  not  visually  apparent. 
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Figure  7-12 

7-24.  In  figure    7-11,    suppose  resistors 
Rl,  R2,  and  R3  were  shorted  out.  In  this* 
case  the  v^ucs  would  be: 


J?EP4-576 


Fig\ire  7-13 

and  when  the  voltmeter  is  connected  across 
a  shorted  component  in  a  series  circuit, 
the  meter  will  read  zero. 


R^  =  R4  7-27.  To  find  a  short  using  the  ohmmeter, 

make  an  intentional  open  circuit  by  discon- 
^  5  ohms  nectlng  the  battery.  Take  four  ohmmeters  and 

connect  them  as  shown  in  figure  7-13«  The 
E  location  of  the  short  would  be  obvious. 

1  =  — 


100  V 

=  20  amps 

7-25,  Now  the  current  has  exceeded  the 
rating  of  the  fuse  (5  amps).  The  fuse  will 
blow  and  result  in  an  open  circuit* 

7-26.  In  figure  7-12,  avoltmeteris connected 
across  each  resistor  in  the  circuit.  The 
reading  on  the  meter  connected  across  re- 
sistor RI  indicates  40  volts,  across  R2  * 
0  voltSp  across  R3  -  SO  volts,  and  across 
R4  -  10  volts. The  voltage  tbatwould  normally 
have  been  dropped  across  R2  has  been  re- 
distributed among  Rl,  R3  and  R4,  The  rule 
for  finding  a  short  using  a  voltmeter  is: 

'tfhen  the  voltmeter  is  connected  across  a 
good  oomponent  in  a  series  circuit  that 
contains  a  short,  the  meter  will  indicate 
a  higher  than  normal  voltage  (if  only 
two  resistors  were  in  the  circuity  the 
meter  would  read  the  applied  voltage), 
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7-26.  In  figure  7-13,  the  ohmmeter  connected 
across  resistor  Rl  is  reading  20  ohms,  the 
meter  across  R2  is  reading  zero,  the  meter 
across  R3  is  reading  25  ohms,  and  the 
meter  across  R4  is  5  ohms.  So  the  rules 
for  finding  a  short  with  the  ohmmeter  are: 

When  the  ohmmeter  is  connected  across 
a  good  component  in  a  aeries  circuit,  the 
meter  will  indicate  the  resistance  of  the 
component.  When  the  ohmmeter  is 
connected  across  a  shorted  component, 
it  win  indicate  zero  otmis  resistance. 

7-29.  In  some  cases  the  resistor  will  not 
be  shorted,  but  it  has  changed  value.  In 
this  case  you  will  have  to  compare  the 
color  coded  value  to  the  value  indicated  by 
the  ohmmeter. 

7-30.  When  troubleshooting  series  DC 
circuits,  remember  open  circuits  have  no 
current  flow  and  shorted  circuits  have  too 
much  current  flow. 


Figure  7-14 


7-31,  Troubleshooting  parallel  Resistive 
Circuits 

7-32,  Troubleshooting  parallel  circuits 
follows  the  satDe  techniques  used  Introuble^ 
shooting  series  circuits.  That  is,  use  a 
multimeter  to  aid  in  locating  a  defective 
component.  The  only  difference  in  trouble-^ 
shooting  aparallel  circuit  is  in  the  indications 
produced  by  a  defective  component.  For 
example,  an  open  component  in  a  series 
circuit  gives  an  Indication  of  no  circuit 
current.  This  indication  is  not  true  with 
respect  to  a  parallel  circuit.  An  open 
component  in  a  parallel  circuit  gives  an 
indication  of  a  decrease  In  total  current. 


7-33,  Take  the  parallel  circuit  shown  In 
figure  7-14  and  see  what  effect  an  open 
resistor  has  on  circuit  operation.  For  ease 
of  explanation  three  resistors  of  equal 
size  have  been  used»  Assume  that 
resistor  113  Is  open.  Current  continues  to 
flow  through  the  good  components  In  a 
parallel  circuit*  However,  current  ceases 
to  flow  throt^h  the  open  component.  An 
open  component  In  this  type  of  circuit  cannot 
be  detected  wltb  a  voltmeter.  A  quick  way 
to  detect  an  open  component  or  resistor 
in  this  case  is  to  use  an  ammeter 
or  ohmmeter.  Before  going  any  further 
calculate  current  tbrot^h  Rl, 


30  V 

=^  1  A 


Figure  7-15 


7-34,  Since  all  resistors  In  this  circuit 
are  of  equal  size  and  the  current  flow 
through  Rl  is  known  then,  by  Ohm's  and 
Klrchhoff's  Laws,  the  current  flow  through 
R2  must  be  1  amp  and  the  current  flow 
through  R3  will  also  equal  1  amp.  Total 
current  flow  equals  the  sum  of  the  branch 
currents. 


^  1 A  +  1  A  +  1 A 


3A 


Since  the  total  current  and  branch  cur* 
rents  are  known,  insert  an  ammeter  into 
the  circuit  as  shown  In  figure  7-15,  At  this 
point  in  the  circuit,  the  ammeter  should 
read  the  total  current,  3  amps.  However, 
as  indicated  in  the  diagram,  the  meter  reads 
2  amps,  since  the  branch  current  is  equal 
to  1  amp  in  each  branch,  then  one  branch 
must  be  open.  If  the  ammeter  is  inserted 
Into  each  branch  at  point  Xf  the  current 
throt^h  Rl  would  indicate  1  amp,  through 
R2  would  Indicate  1  amp,  and  throt^h  R3 
would  Indicate  0  amps. 


7-35,  So  now  ^e  can  say:  When  a  parallel 
circuit  contains  an  open  branch,  no  current 
flows  in  that  branch  and  the  total  current 
of  the  circuit  decreases.  The  reason  the 
total  current  decreases  is  because  the  total 
resistance  (an  open  would  be  the  same  as 
removing  R3)  has  Increased,  When  trouble^ 
shooting  a  parallel  circuit  with  an  ammeter, 
the  open  resistor  will  be  located  by  a 
reading  of  zero  current  in  that  branch. 
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Figure  7-16 


7-36.  Another  way  to  locate  this  same  trouble 
la  with  the  use  of  an  ohmnieter.  If  an  ohm- 
meter  were  connected  across  R3,  as  shown 
in  figure  7-16,  a  reading  of  continuity 
would  be  obtained.  This  Is  because  R3 
Is  In  parallel  with  Rl  and  R2.  Although 
P3  Is  open,  the  ohmmeter  will  still  measure 
the  resistance  of  Rl  and  R2  In  parallel. 
Two  30-ohm  resistors  In  parallel  would  give 
us  an  eciulvalent  resistance  of  15  ohms 
(Rt  '  R/N).  Note  that  the  battery  Is  dis- 
connected when  the  ohmmeter  Is  used. 

7-37.  To  accurately  determine  the  condition 
of  R3  with  the  use  of  an  ohmmeter, 
intentionally  open  the  circuit  as  shown 
in  figure  7-17.  In  this  manner  the  re- 
sistor being  checked,  R3,  Is  not  shunted 
or  paralleled  by  Rl  and  R2.  If  R3  is  open; 
the  ohmmeter  would  indicate  an  infinite  re- 
sistance. In  other  words,  to  check  the 
resistance  of  a  resistor  in  a  parallel  circuit. 
One  end  of  the  resistor  must  be  disconnected 
firom  the  circuit. 


7-38.  In  a  series  circuit,  you  learned  that 
a  voltmeter  is  often  used  as  an  aid  in 
locating  a  defective  component  such  as  an 
open  resistor.  You  also  learned  that  a 
voltmeter  reads  the  applied  voltage  when  it 
is  placed  across  an  open  circuit  This 
technique  cannot  be  followed  in  trouble- 
shooting a  simple  parallel  circuit.  Refer 
back  to  figure  7-15.  Resistor  R3  is  open. 

If  you  placed  a  voltmeter  across  R3,  it 
would  read  the  applied  voltage,  30  V.  If 
you  placed  a  voltmeter  across  Rl  and  R2, 
it  would  also  read  the  applied  voltage. 

Remember,  in  a  parallel  circuit,  there  is 
only  one  voUage,  whichistheapptiedvoltage. 
When  a  voltmeter  is  placed  across  a  good 
component  or  an  open  component  in  a  simple 
parallel  circuit,  the  voltmeter  still  reads 
the  apptied  voltage.lt  foUowsthen  in  trouble- 
shooting a  parallel  circuit  that  you  should 
rely  upon  the  use  of  an  ammeter  or  ohmmeter 
to  locate  a  defective  component. 


Figure  7-17 


ERIC 


108*- 


Hit 


REP4'5$1 


Figure  7-18 


7<(^39.  m  one  way  or  another  you  have  always 
applied  troubleshooting  techniques  to  your 
everyday  U\lng.  Take,  for  example^  the 
parallel  circuit  shown  In  figure  7^18. 
Suppose,  when  you  operate  the  switches, 
the  radio  and  overhead  larap  work;  but  your 
desk  lamp  failed  to  light.  Because  the 
radio  and  overhead  lamp  work,  you 
Immediately  assume  voltage  la  being  applied 
to  the  circuit.  You  would  now  probably  check 
the  bulb,  cord,  and  switch^  In  that  order, 
to  determine  what  specific  component  part 
of  the  lamp  was  defective.  This  example 
simply  Illustrates  the  point  that  when  a 
parallel  circuit  contains  an  open  branch, 
the  remaining  branches  continue  to  function. 

7-40.  Thus  far,  troubleshooting  parallel 
circuits  has  dealt  with  open  components. 
Now  see  what  effect  a  shorted  component 
has  on  a  parallel  circuit.  Refer  to 
figure  7^19.  Assume  R3  is  shorted. 
This  condition  would  present  a  cur- 
rent   path    with    negligible    resistance . 


Current  would  Increase  to  an  excessive 
value  through  the  short. 

7-41.  Another  way  to  look  SLt  the  circuit 
with  R3  shorted  Is  Just  like  connecting  the 
two  terminals  of  the  battery  together.  In 
either  case^  current  rises  to  an  excessive 
value  and  the  fuse  would  burn  out.  Once 
the  fuse  has  blown,  the  circuit  also  has  an 
open  condition. 

7-42.  Since  the  Indication  of  a  shorted 
component  Is  usually  a  blown  fuse,  trouble- 
shoo^  ig  with  an  ammeter  or  voltmeter 
becomes  difficult.  However^  you  still  have 
the  ohmmeter  aa  an  aid  m  locating  the 
defective  component.  As  In  the  case  of 
troubleshooting  for  an  open  resistor  In  a 
parallel  circuit,  a  shorted  resistor  can  be 
detected  with  an  ohmmeter  only  if  one  end 
Is  disconnected  as  Illustrated  in  figure  7-17. 
A  shorted  resistor  will  give  a  reading  of 
0  ohms  on  the  ohmmeter. 


30V  ~ 
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Figure  7-19 
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Figure  7-20 


7.43.  Troubleshooting  Series- Parallel 
Circuits 


7.44«  Troubleshooting  a  series-parallel 
re  slstive  circuit  is  similar  to  troubleshooting 
a  series  or  a  parallel  resistive  circuit. 
Two  troubles  you  will  encounter  In  a  series- 
parallel  circuit  are  our  old  enemies  -  the 
open  and  the  short*  First,  see  what 
effect  an  open  hsis  on  a  series-parallel 
circuit*  Refer  to  figure  7-20*  Hote  that  an 
open  has  occurred  In  the  series  portion  of 
the  circuit. 

7-45.  When  an  open  occurs  anywhere  in 
the  serlesportionof  a  series-parallel  circuit, 
current  flow  in  the  entire  circuit  will  stop* 
In  this  case  the  circuit  will  cease  to  function 
and  the  lamp  will  not  light.  II  an  open 
occurs  in  the  parallel  portion  of  a  series- 
parallel  circuiti  the  remaining  portion  of 
the  circuit  will  continue  to  function.  Refer 
to  figure  7-21*  In  this  case  the  lamp  will 
continue  to  bum,  but  brighter.  Analyzing  the 
circuit  Indicates  that  with  R2  open,  the 
circuit  becomes  a  simple  series  circuit* 
Also,  Avith  R2  out  of  the  circuit,  total 
resistance  increases  and  total  current 
decreases.  A  decrease  in  total  current 
results  in  a  decrease  in  voltage  drop  across 
Rl*  If  the  voltage  drop  across  Rl  decreases^ 
then*  by  Kirchhoff's  Law  the  voltage  drop 
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Figure  7-21 

across  the  lamp  must  increase*  This  increase 
In  voltage  across  the  lamp  will  cause  current 
through  the  lamp  to  increase  and  the  lamp 
will  glow  brighter*  II  current  through  the  lamp 
Is  excessive,  the  lamp  will  bum  out  and 
all  current  flow  will  cease* 

7-46*  li  an  open  occurs  In  the  branch 
containing  the  lamp,  as  shown  In  figure  7-22, 
the  lamp  will  fail  to  glow^  but  current  through 
the  series  portion  of  the  circultwlll continue 
to  flow*  This  time  the  Increase  In  voltage 
will  be  felt  across  R2* 

7-47*  Another  approach  to  troubleshooting  a 
series-parallel  circuit  Is  wltb  tbe  use  of  a 
voltmeter  or  ohmmeter*  Refer  to  the  circuit 
diagram  In  figure  7-23* 

7-48*  Troubleshooting  series-parallel 
circuits  with  a  voltmeter  can  be  easy^  If 
component  sizes  and  the  applied  voltage 
are  known.  With  a  little  mathematical 
computation,  troubleshooting  can  be  done 
with  accuracy. 

7-49*  To  theoretically  troubleshoot  the 
circuit  In  figure  7-23,  you  must  make  certain 
assumptions.  The  first  assumption  is  that 
all  components  are  good,  except  the  one 
belnff  checked* 
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Figure  7-22 


Figure  7-23 
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Chart  7-1 


7-50,  Chart  7-1  gives  the  indications  which 
can  be  expected  when  the  voltmeter  Is  placed 
across  each  component. 


be  obtained  on  the  meter.  If  the  fuse  Is  good, 
a  reading  of  near  zero  resistance  will  be 
obtained. 


7-51,  Troubleshooting  with  an  ohmmeter 
can  be  accomplished  in  a  similar  manner. 
Remember^  whenever  troubleshooting  with 
an  ohmmeter^  the  power  must  first  be 
removed  from  the  circuits  Power  has  been 
removed  In  figure  7-24  by  opening  SI, 
Begin  by  checking  the  series  portion  of  the 
circuit.  By  placing  the  meter  between  points 
A  and  B*  the  resistance  of  Rl  canbe  checked* 
If  resistor  Bl  Is  opea,  a  reading  of  infinite 
resistance  will  be  obtained  on  tbe  meter.  If 
Rl  is  good,  its  value  on  the  meter  vrHl 
be  the  color  coded  value. 


7-52,  Connecting  the  meter  between  points 
D  and  E  will  check  tbe  fuse.  If  tbe  txse  Is 
open^  a  reading  of  infinite  resistance  will 


7-53,  Like  the  voltmeter,  tbe  ohmmeter 
can  give  misleading  indications  in  the  parallel 
portion  of  the  circuit.  In  order  to  check 
the  circuit  between  points  B  and  one  of 
these  points  will  have  to  be  broken  (dls-* 
connected)  as  in  figure  7-25, 


7-^54,  With  the  top  resistor  R2  disconnected, 
a  meter  placed  between  points  B  and  E 
would  check  the  circuit  from  B  to  C,  C  to 
F,  and  F  to  E, 


7"55,  Troubleshooting  R2  shoud  present  no 
problem.  Simply  connect  the  ohmmeter 
across  B2,  An  open  resistor  would  be 
Indicated  by  an  Infinite  reading. 


Figure  7-24 
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Figure  7-26 

7-56,  Now  see  how  a  short  allects  a  series- 
parallel  circuit.  A  short  in  the  series 
portion  of  a  series.parallel  circuit  will 
cause  a  decrease  in  total  resistance*  This, 
in  turn,  will  cause  the  total  current  to 
increase*  Examine  the  circuit  as  shown  in 
figure  7-26* 

7.57*  Since  Rl  is  50  ohms  and  the  equivalent 
resistance  of  R2  and  R3  is  50  ohms*  the  total 
resistance  is  100  ohms*  The  total  current  is 
2  amps*  II  Rl  becomes  shorted,  the  total 
resistance  would  decrease  to  50  ohms  andthe 
total  current  would  increase  to  4  amps* 
This  increase  in  current  would  be  suUicient 
to  blow  the  3-arop  fuse*  The  samethingwould 
occur  in  the  circuit  U  either  R2  or  R3 
became  shorted*  The  total  resistance  in  the 
circuit  would  be  50  ohms*  the  value  of  the 
series  resistor  only. 

7-58*  From  your  study  you  should  conclude 
that  any  time  a  short  occurs  in  a  series- 
parallel  circuit,  the  total  resistance  will  de- 
crease and  the  total  current  will  increase. 
A  short  will  often  produce  an  open  circuit 
by  either  blowing  the  fuse  or  burning  out 
a  circuit  component. 

7-59,  Like  an  open,  a  short  can  be  detected 
with  either  a  voltmeter  or  an  ohmmeter. 
Examine  the  circuit  shown  in  figure  7-27* 


Figure  7-27 

7.60*  Placiftir  the  voltmeter  across  points 
B  and  £  would  indicate  the  condition  of 
Rl  and  Fl*  II  Rl  is  shorted,  the  applied 
voltage  would  be  indicated  between  these 
points*  U  Rl  is  good,  the  voltage 
indicated  would  be  less  than  the  ap- 
plied voltage* 


7-61*  An  indication  of  a  short  in  the  parallel 
portion  of  the  circuit  may  be  obtained  with 
a  voltmeter,  but  the  particular  defective 
branch  cannot  be  determined.  By  connecting 
the  voltmeter  across  points  B  and  £»  the 
parallel  combination  can  be  checked*  II  one 
of  the  resistors  in  the  parallel  combination 
is  shorted,  the  voltage  reading  between 
points  B  and  £  wllll>e  zero*  U  Is 
assumed  that  Fl  is  good*  To  determine 
whl<ih  resistor  is  shorted,  either  R2  or  R3 
will  have  to  be  disconnected  from  the  circuit 
and  checked  individually* 

7-62*  Troubleshooting  for  a  short  with  the 
ohmmeter  is  an  identical  process  of  that  of 
troubleshooting  for  an  open.  The  only  dif- 
ference will  be  in  the  reading  obtained  on 
the  meter.  When  the  otimmeter  is  connected 
across  a  shorted  component,  a  reading  of 
zero  will  be  indicated*  Remember  to  always 
remove  the  power  source  from  the  circuit 
before  using  the  obmmeter* 
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OVERVIEW 

SAFETY  AMD  FIRST  AID 

1,  SCOPE:  Safety  Is  the  reaponelblUty  of  every  individual  In  the  Air  Force,  Thte  includos 
personal  safety  and  the  safety  of  others.  Common  causes  of  accidents  are  Identified  and 
safety  precautions  to  be  used  near  electrical  equipment  are  discussed.  Treatment  of  shock 
victims  is  explained  as  ^ell  as  the  procedure  for  controlling  fire, 

2.  OBJECTIVES:  Upon  completion  of  this  module  you  should  be  able  to  satisfy  tlte  following 
objectives: 

a.  From  a  group  of  statements,  select  those  that  describe  safety  precautions  whch  should 
be  Observed  when  working  on  electrical  equipment. 

b.  From  a  groiqp  of  statements*  select  those  which  name  the  proper  first  aid  measure  to 
be  used  for  the  treatment  of  electrical  shock. 

c.  From  a  list  of  fire  extinguisher  types^  select  the  one  used  for  electrical  fires. 


AT  THIS  POINT,  YOU  MAY  TAKE  THE  MODULE  SELF-CHECK, 

IF  YOU  DECIDE  NOT  TO  TAKE  THE  MODULE  S£LF*CHECK«  TURN  TO  THE  NEXT  PAGE 
AND  PREVIEW  THE  LIST  OF  RESOURCES,  DO  NOT  HESITATE  TO  CONSULT 
YOUR  INSTRUCTOR  IF  YOU  HAVE  ANY  QUESTIONS. 
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LIST  OF  RESOURCES 

SAFETY  AND  FIRST  AID 

TO  satisfy  the  Objectives  of  this  module,  you  may  choose,  according  to  your  tralnlnK, 
experience*  and  preferences,  any  or  all  of  the  foUowlnSi 

READING  MATERIALS: 
Digest 

Adjunct  Guide  -with  Student  Text 

AUDIO-VISUALS 

Television  Lesson,  Safety,  TVK  30-lOlB 


SELECT  ONE  OF  THE  RESOURCES  AND  BEGIN  YOUR  STUDY  OR  TAKE  THE  MODULE 
SELF-CHECK. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU  REQUIRE  ASSISTANCE. 
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DIGEST 


SAFETY  AND  FIRST  AU3 


CAUSES  OF  ACCIDENTS 

Accidents  are  expensive*  The  result  of  accidents  Is  the  loss,  dajnagei  or  destructl(xi  of 
equipment,  as  well  as  Injury  and  death  to  personnel*  Accidents  can  be  prevented  by  eliminating 
their  causes*  Some  of  the  common  causes  of  accidents  are) 

1*  Carelessness 

2*  Horseplay 

3,  Lack  of  experience 

4*  Failure  to  follow  Instructions 

5*  Failure  to  observe  proper  safety  precautions 

6*  Improper  use  of  tools  and  ecpilpment* 

PRECAUTIONS 

The  possibility  of  electrical  shock  Is  the  greatest  hazard  associated  with  electronic 
ecpiipment*  Some  of  the  precautions  to  always  bbserve  while  working  on  electronic  equipment 
are: 

1*  Remove  Jewelry* 

2*  Keep  one  hand  In  your  pocket* 

3«  Have  a  safety  bbserven 

4.  Avoid  contact  with  energised  components. 
5«  Don't  experiment 

ELECTRICAL  SHOCK  TREATMENT 

In  the  event  of  an  accident  and  the  body  comes  In  contact  with  an  energized  component, 
the  electric  shock  may  be  severe  enough  to  Interrupt  normal  body  functions  and  cause 
respiratory  system  or  heart  failure*  The  proper  first  aid  treatment  for  severe  electric  shock 
Is  the  immediate  restoration  of  the  vlctlm^s  heartbeat  and  breathing.  The  use  of  closed  chest 
heart  massage  Is  recommended  for  the  restoration  of  the  heartbeat  and  mouth  to  mouth 
resuscltatl(xi  Is  recommended  for  the  restoration  of  breathing* 

ELECTRICAL  FIRES 

Electrical  fires  are  a  result  of  ecpiipment  failure  or  misuse*  The  use  of  a  water  type 
extinguisher  on  an  electrical  fire  Is  not  feasible  because  the  water  would  place  the  operator 
In  contact  with  the  electrical  components*  A  dry  chemical  such  as  cart>on  dioxide  must  be 
used  to  displace  the  oxygen  near  the  fire  to  extinguish  the  blaze* 

you     MAY     STUDY     ANOTHER    RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK* 
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ADJUNCT  GUIDE 

SAFETY  AND  FIRST  AID 

INSTRUCTIONS; 

Study  the  reference  material  as  directed. 
Return  to  this  e:ulde  and  anawer  the  questions* 

Check  your  answers  against  the  answers  at  the  top  of  thti  next  even  numbered  P^e 
fbUowlng  the  questions, 

U  you  e:xperlenccf  any  difficulty,  contact  your  instructor. 

Begin  the  program, 

A,  Turn  to  Student  Text  Volume  I  andreadparagraphs  1-1  through  1^7.  Return  to  this  page  and 
answer  the  following  quostions* 

1.  List  the  two  major  causes  ot  accidents. 

a  

b  - 

2,  Human  characteristics  that  cause  human  errors  include: 
a,  — 

b  .  

c, 

d,   

e.   

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE* 

B,  Turn  to  Student  Handout,  Safety  Precautions  and  First  Aid  for  Electronic  Environment, 
KEP  112,  and  read  SAFETY  on  page  1,  Return  to  this  page  and  answer  the  following  questions. 


1.  List  five  causes  of  accidents. 


ADJUNCT  GUIDE 


2.  It  Is  your  responfliblUty  to 


and 


unsaie  conditions  which  cause  accidents. 

CONFIRM  VOUB  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

—  " 

C,  Turn  to  Studont  Text  Volume  I  and  read  paragraphs  1-8  through  1-24,  Return  to  this  page 
and  answer  the  {oUowlng  questlona. 

I.  The  dangers  of  electricity  can  be  avoided  by  the  use  o(: 


2,  List  eight  precautions  to  observe  while  working  on  electronic  equipment, 

a,  .  ^  ^   e,   

b-    £,   

c.    g-   

d.    Ji.   


CONFIRM  YOUR  ANSWERS  ON     THE    NEXT    EVEN    NUMBERED  PAGE, 

D,  Turn  to  Student  Text  Volume  I  and  read  paragraphs  1-25  through  1-37.  Return  to  this  page 
and  answer  the  following  questions. 

I,  When  someone  comes  In  contact  with  a  HOT  wire*  you  should; 

a.  Call  tor  medical  assistance. 

  b.  Start  artUiciat  respiration  immediately, 

— ~  c.  Remove  the  victim  from  the  electrical  source, 
d.  Clear  the  air  passage. 

2,  The  best  method  of  artificial  respiration  is  the: 
—  a.  Prone  pressure  method, 

b.  Back  pressure,  arm  lift  method. 

c.  Backpressure*  hip  lift  method. 

»~  d.  Mouth  to  mouth  resuscitation  method. 
Continue  to  bottom  of  next  page  for  next  question. 
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ADJUNCT  GUIDE 


ANSWERS  TO  A. 

la.  human  error. 

b.  material  failure. 

2a*  Inattentlveneaa* 
b*  excitability, 
c.  Impatience. 

d.  carelessness, 
e*  Ignorance. 

If  you  mlaaed  AlfYqueationd^revlewthe  material  before  you  continue*  If  not,  proceed  to  Item 

ANSWERS  TO  B* 

la*  NOT  following  aaiety  precautions. 

b.  NOT  using  aafety  devices. 

c.  Horseplay. 

d.  Operating  equlpmentwlthoutauthorltyor 
experience. 

e.  carelessness. 

2.  Identify,  eliminate. 

If  you  missed  AIfY  questions,  revlewthe  material  before  you  continue*  If  not,  proceed  to  Item  C< 

ANSWERS  TO  C. 

la.  Common  sense, 
b.  Safety  precautions. 

c.  Knowledge. 

2a.  Turn  equipment  Off. 
b.  Never  depend  on  a  fuse  to  protect 

human  life, 
c*  Keep  hands  free  of  extra  tools, 
d.  Be  a  one-armed  technician, 
e*  Don't  e^i^eriment. 

f.  Don't  wear  Jewelry*  rings,  watches, 
bracelets,  etc. 

g.  Keep  dry. 

h.  Check  equipment  grounds. 

If  you  missed  ANY  questions,  reviewtbe  material  before  you  continue.  If  not,  proceed  to  Item  D. 

3.  Artificial  respiration  Should  be  continued  until 
^»  a.  a  doctor  arrives. 

b.  the  eyes  dilate. 

c.  color  returns  to  the  skin. 

d.  victim  starts  breathing. 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  I'^^GE, 
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E*  Turn  to  Student  Handout^  Safety  Precautions  and  First  Aid  for  Electronic  Envlronmonta, 
KEP  112>  and  reftd  page  14*  Return  to  thla  page  and  answer  the  following  queatlonn. 

1,  Cardiac  arreet  closed  heart  massage  requires  the  efforts  of 

a*  one  person. 

_  b*  two  persons. 

c»  three  persons* 

d*  fbur  persons* 

2*  Using  the  closed  heart  massage  procedure,  the 
_p.  a*  chest  Is  compressed  3  cm  to  5  cm  and  held  for  1/2  second,  60  to  80  times  per  minute* 
—p.  b*  chest  Is  compressed  1/2  cm  and  held  for  3  to  S  seconds,  12  to  20  times  per  minute* 

  c»  chest  Is  expanded  12  to  20  times  per  minute* 

d*  chest  Is  expanded  3  cm  to  S  cm,  60  to  80  times  per  minute* 

3*  The  victim's  eyes  will  dilate  when 
  a*  blood  Circulation  Is  adequate* 

b*  air  circulation  Is  adequate* 

c*  blood  circulation  is  Inadequate* 

d*  air  circulation  Is  inadequate* 
CONFffiM  YOUK  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE* 


F*  Turn  to  Student  Text  Volume  I  and  read  paragraphs  1-S4  through  1-S8*  Return  to  this  page 
and  answer  the  following  questions* 

1  *  Class  A  fires  are  usually 

a*  oil  or  solvents* 

—  b*  electrical* 

c*  wood  or  p^er* 

d*  gasoline* 
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ANSWERS  TO  D* 


L  C 


2.  d 


3.  d 


If  you  missed  ANY  questions^  revlewthe  material  before  you  continue.  If  not,  proceed  to  Item  E« 


ANSWERS  TO  E. 


If  you  missed  ANV  <me3tlon3*  review  the  material  beforeyoucontlnue^If  not,  proceedtoltemF. 


2.  Claas  B  tires  are  best  extlngxashed  using 
  a.  water. 

_,  b.  soda  acid. 

*™  c.  CO2* 

  d.  calcium  chloride. 

3.  Class  C  fires  present  an  additional  hazard  of 
  a.  explosion. 

b*  toxic  vapors. 
—      electrical  shock. 
— ^  d.  smoke  Inhalation. 

4.  Electrical  fires  require  the  use  of  a  Class  .  -  ■■  extingtiishf^r. 
CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


1.  b 


2.  a 


3.  c 


8 
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ADJUNCT  GUIDE 

ANSWERS  TO  F. 

1.  c                             2.  c 

3.  c                         4.  c 

U  you  missed  ANY  questions^ 

review  the  material  before  you  continue*  U  not»  proceed  to 

next  page. 

YOU  MAY  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 

10 
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MODULE  SELF-CHECK 


SAFETY  AND  FIHST  AID 

QUESTIONS: 

1.  List  live  safety  precautions  which  should  be  observed  v^ille  working  on  electrical  equipment 
a.  ' 
b. 

c<  . 
d.   . 


2,  A  Shock  victim's  breathing  may  be  restored  by 


3.  A  shock  victim's  heart  beat  may  be  restored  by 


4.  To  extinguish  an  electrical  fire,  you  should  use 


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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MODULE  SELF-CHECK 


ANSWERS  TO  MODULE  SELF-CHECK. 


la.  Avoid  contact  with  onorglzod  components. 

d*  Have  a  safety  observer* 

Remove  iewfllery. 

e.  Don't  experiment. 

c.  Keep  one  hand  in  your  pockot. 

2,  Mouth  to  mouth  roguscitatlon* 

3«  Clofied  chest  heart  massage* 

4.  A  dry  chemical  (CO2)- 

HAVE  YOU  ANSWERED  ALL  OF  THE  QUESTIONS  CORRECTLY?  IF  NOT,  REVIEW  THE 
MATERIAL  OR  STUDY  ANOTHER  RESOURCE  UNTIL  YOU  CAN  ANSWER  ALL  QUESTIONS 
CORRECTLY.  IF  YOU  HAVE,  CONSULT  YOUR  INSTRUCTOR  FOR  FURTHER  GUIDANCE. 
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OVERVIEW 


ELECTROmC  MATUEMATICa 


1.  SCOPE:  TUB  module  discusses  powers  of  10  and  bow  to  convert  any  number  to  standard 
powers  of  10  notation.  Computation  using  powers  of  10  Is  fuUy  covered  al<mg  with  the  use  of 
standard  prefixes. 


Z.  OBJECTIVES:  Upon  completion  of  this  module  you  should  be  able  to  satisfy  the  following 
objectives: 

a.  Given  five  multi^tlcatlon  and  five  division  problems,  solve  by  using  powers  of  10. 

b.  Given  five  electronic  equations,  solve  at  least  tour  correctly  for  any  unknown  value. 


AT  THIS  POINT,  TOU  MAY  TAKE  THE  MODULE  SELF-CHECK. 

IF  YOU  DECIDE  NOT  TO  TAKE  THE  MODULE  SELF-CHECK.  TUKN  TO  THE 
NEXT  PAGE  AND  PREVIEW  THE  LIST  OF  RESOURCES,  DO  NOT  HESITATE  TO 
CONSULT  YOUR  INSTRUCTOR  IP  YOU  HAVE  ANY  QUESTIONS. 
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LUST  OF  RESOURCES 

ELECTRONIC  MATHEMATICS 

To  satlsty  the  objectives  ol  this  module,  you  may  choose,  according  to  your  training, 
experience,  and  prelerence,  any  or  «11  (rf  the  following: 

READmG  MATERIALS 
Digest 

Adjunct  Guide  with  Student  Text 

AUDIO-VISUAL 

Television  Lesson,  Powers  ot  Teni  TVK  30-153 


SELECT  ONE  OF  THE  RESOURCES  AND  BEGIN  YOUR  STUDY  OR  TAKE  THE 
MODULE  SELF-CHECK. 

CONSULT  YOUR  INDUCTOR  IF  YOU  REQUIRE  ASSISTANCE. 
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DIOEST 


BLECTRONIC  MATHEMATICS 


POWERS  OF  TEN 

The  technique  at  using  powers  at  10  con  greatly  simplify  mathematical  calculations.  In 
tbe  powers  ol  10  system,  avery  large  or  very  small  number  Is  expressed  as  a  quantity  between 
one  and  10  and  the  appropriate  positive  or  negative  power  of  10.  Tbe  value  and  sign  of  the 
exponent  are  determined  by  the  number  of  places  and  the  direction  tbe  decimal  point  Is  moved. 

Examples:  3»000»000  >  3  x  10^ 

51.000  >  5.1  X  10^ 

0.005  »  5  X  10"^ 

.    0.00000047  «  4.7  x  lO"' 

Study  the  information  in  figure  1. 


POWER 

SXMBOL 

1  000  000  000  000 

10^2 

tsra 

T 

1  000  000  000 

lo" 

glga 

G 

1000  000 

lo" 

mega 

VL 

1  000 

10^ 

Ulo 

k 

100 

io2 

becto 

h 

10 

10^ 

deka 

da 

0.1 

10-^ 

dec! 

d 

0.01 

10-2 

ceaU 

c 

0.001 

10-^ 

mUli 

m 

0.000  001 

io-« 

micro 

M 

0.000  000  001 

nano 

n 

0.000  000  000  001 

10-^2 

pico 

p 

Figure  1 

Prefixes  and  symbols  are  also  used  to  express  very  large  or  very  small  numbers. 
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DIGEST 

ExamplfiB;  1^000,000  unltd  m  1  mogaunlt 

20,000  unltd  «  20  kllounlts 
0.004  units  >  4  mllUunltd 
0.0000056  unltd  «  8.6  mlcrounlts 
Exponents  are  handled  according  to  tbe  loUowtng  rules; 
WhenmuUlplylnff  numbers,  add  tbe  esqponents* 

When  dividing  numberSt  subtract  the  exponent  in  the  denomlnatortromtheexpon^ntinthe 
numerator. 

When  squaring  a  number,  double  the  exponent. 
When  obtaining  a  square  root,  halve  the  exponent. 

Examples:  1,000,000  x  1,000  >  1  x  10°  x  1  x  10^ 

*  1  X  10** 


47,000  X  0.056  =fl.7  x  10*)x(5.6  x  lO'^) 


1 26.:*2  X  10^ 


=  2.632  X  10^ 


50,000     5x  10^* 


2  X  10^ 


0.0075    7.5  X  10"^ 

0.l5  'ri  TTT 
1.5  X  10 


5  X  10"^ 


EQUATIONS 

An  equation  la  a  mathematical  statement  that  two  quantitiee  are  ecjual.  The  following 
axlomfl  can  be  applied  to  any  equation  without  changing  the  equality: 
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DIGEST 


1.  AdcUng  the  SAME  number  to  DOTH  sides* 

2.  Subtracting  the  SAME  number  from  BOTH  sides* 

3.  Multiplying  BOTH  sides  by  tbe  SAME  number. 

4.  Dividing  BOTH  sides  by  the  SAME  number. 

5.  Terms  equal  to  a  third  term  are  equ^d  to  each  other. 

6.  Raising  BOTH  sides  to  the  SAME  power. 

7.  Taking  the  SAME  root  of  BOTH  sides. 


Frequently  tormulas  must  be  rearranged  to  fiud  a  q|iiantity  in  terms  of  the  other  quantities 
involved. 


Examples: 


Solve  for  B. 


Rxl »^xR 


BI  3  E 


BI  E 
TM 


1 


c  '        * ' 


f  xX 


C  1 


Multiply  by  R. 
Simplify. - 
DlTlds  by  I. 

SlmpUfy. 

Solve  for  t> 

Multiply  by  f . 

Divide  by  X^. 
Simplify. 


YOU   MAY   STUDY   ANOTHER   RESOURCE   OR   TAKE  THE  MODULE  SELF>CHECK. 
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ADJUNCT  QUIDE 

ELECTRONIC  MATHEMATICS 

INSTRUCTIONS 

Study  the  relerenced  materlala  as  directed. 
Return  to  this  guide  and  answer  the  questions. 

Check  your  answers  against  the  answers  at  the  top  of  the  next  even  numbered  page  following 
the  questions. 

If  you  experience  any  duiiculty.  contact  your  instructor. 
Begin  the  program. 


A.  Turn  to  student  text  volume  1  and  read  paragr^hs  2-1  through  2-S.  Return  to  this  page 
and  answer  the  following  questions. 


1.   Add  these  signed  numbers: 

a.  5  +  3  =  _ 

b.  -11  +  3  =  


c.  .4  +(.lO-. 

d.  -543  +  43  = 


e.  -38+(-ll)= 


f.  1000  +  111  =. 

g.  50+f.l3)=._ 

h.  13  +(.14)=.  _ 


2.   Subtract  these  signed  numbers: 

a.  6  -  5  =   

b.  6  -  7  =   

c.  -8  -  4  =  


d.  5  -f.5)« 


e.  80  -f-5>=-  . 
I.  -32-f-2)= 


3.   Multiply  these  signed  numbers: 

a.  3  X  6  = 

b.  -4  X  -5  =  

c.  5  X  -12  =  


d.  -39  X  -2 

e.  -17x  3  = 


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT   EVEN  NUMBERED  PAGE. 
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ADJUNCT  OUtDE 

B.  Turn  to  itudent  text  volume  1  and  read  pftragraphB  2<*9  through  2-21.  Return  to  thta  pag« 
ud  An«iv«r  the  following  queetloni. 

1.  A  ba«e  number  Is: 

—I-  a*  arrived  At  through  converelon  to  a  power  of  10* 
—I-  b*  referred  to  aa  the  power* 
mmm  c.  more  easily  manipulated  U  it  In  between  1  and  10* 
mmm  d.  Doue  of  the  above. 

2.  Enter  the  proper  numerical  equivalent  for  each  power  of  10  value. 

a.  10*"  •   


b.  10^  m 

c.  10**  « 
d*  10"^  - 

e.  lO-*"  - 

f.  10  4 


3.  Which  of  the  following  ia  a  vaUd  advantage  of  using  powern  of  107 
_a.  All  Qumbera  may  evenly  divided  or  multiplied  by  10. 

b.  Calculations  Involving  large  numbers  are  simplified* 
_  c.  More  accurate  results  are  produced. 
_  d.  It  is  easier  to  place  the  decimal  point  correctly. 

4.  The  number  70,661  is  equivalent  to: 

»a.  7.oeai  X 10^  «  c.  7.9eai  x  lo^. 

»b.  7o.eai  X  io\  »  d.  7.oeai  x  lo^. 

5.  The  number  8.632  is  equivalent  to: 

»a.  6.632  X  10^.  »  c.  8.632  x  10^. 

2 

«b.  66.32  X  10  .  _  d.  None  of  the  above. 
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ADJUNCT  GUIDE 
ANSWERS  TO  A: 

la>  0  b.  -6         c.  -IS       tt.  -SOO      e.  -SO       f.  i,lU     R.  37         h.  -1 

2a.  1  b.  -1         c.  -12       tt.  10         e.  65         f.  -30 

3a.  16         b.  20         c.  -60       tt.  76         e.  -51 

U  you  mtsaett  ANY  queatlona,  review  tbe  material  before  you  continue. 


6.  The  number  0.00426  Is  equivalent  to: 

3  ^ 

—  a.  4.26  X  10  .  —  c.  .426  x  lo'  , 

 b.  4.26  X  10"*.   tt.  4.26  x  lO'^. 

7.  Convert  tbe  foUowing  numbers  to  powers  of  10. 

a.  2,000  =   

b.  4,696  »   

c.  156.342  a   

d.  7,000,000  =   

e.  696,000  = 

t  16,000  »   

g.  313,000,000,000  =   

h.  0.016  =   

i.  0.00046  »   

h  0.1791  =   

k.  0.00000062  = 

1.  0.9  =   

m.  0.000000000006=   

n.  0.0004  =   

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


ADJUNCT  GUIDE 

C*  Turn  to  tttudent  text  Volumn  1  and  read  paragraphs  2-22  through  2-28.  Boturn  to  this  page 
and  anawer  the  following  queetlons* 

1,  Which  of  the  following  operations  Is  INCORRECT  In  the  process  of  multiplying  two  very 
large  numbers  expressed  In  powers  of  107 

a.  Convert  the  numbers  to  be  multiplied  into  powers  of  10* 

^_b.  Combine  the  exponents  through  multiplication* 

~.  c.  Combine  the  numerical  coemclents  through  multiplication, 

^  d.  Combine  the  exponents  through  addition, 

2,  The  product  exponent  of  a  multiplication  problem  expressed  in  powers  of  10  having  both 
positive  and  negative  exponents,  will  be: 

a,  positive 
_  b.  negative 
—  c,   that  of  the  smaller 

d,    that  of  the  larger 

3,  When  working  a  multiplication  problem  expressed  in  powers  of  10  and  all  of  the  exponents 
are  negative,  the  exponent  In  the  answer  will  be: 

^_a,  positive, 

_«b.  negative, 

 c,  the  <ilfference  between  the  negative  exponents, 

^_d.  None  of  the  above, 

4,  Multiply  the  following.  Express  the  answers  in  powers  of  10, 

a,  716^000  X  1»820»000  =  ^^^^^^^^—^—^^^^—^ 

b,  2,700,000  X  3,1  X  10^  =   

C,  5,6  X  10^  X  3,6  X  10^  =   ^  

d,  ,00023  X  ,0000018  =   

e,  6,7  X  10"^  X  2,8  x  10"^  =   .  .   — — 

f,  ,000021  X  39,000  =   

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE, 
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ANSWERS  TO  B: 
1*  d 

2&.  1,000,000  b.  1,000      e.  1      d,  0.001  e.  0.000.001  t  O.OQO,OOOJ}QOJ}Q1 

3.  b  4.  d            6.  e      6.  d 

1^  2  X  10^  b.  4.69$  X  10^      e.  1.8$342  x  10^  d.  7  x  10^  e.  6.96  x  10^ 

f.  l.axlO*  3,13x10^^     h.  l.axlO'^.      1.  4.6x10'*  J.  1.791x10"^ 

k.  a.2  X  10*'  1.  9  X  10"^  m.  9.6  x  10*"     n.  4  x  10** 

If  you  mlflfled  AMY  guestionB,  review  the  matorlal  before  yw  coatiiwie.  , 


ANSWERS  TO  C; 

1.  b  2.  d  3.  b 

12  Ifl  Q  -IQ  -7 

4a.  1.30312  x  10      b.  $.37  X  10        e.  2.016  x  10       d«  4.14  x  10        e.  l.$76  x  10 

f.  $.19  X  lO"^ 

If  you  missed  ANY  questlonst  review  the  material  before  you  eoittinue. 


D.  Turn  to  student  text  volume  1  and  read  paragraphs  2*26  through  2-29.  Return  to  this  page 
and  answer  the  following  questions. 

1.  Division  in  powers  of  10  is: 

a.  the  multiplication  of  base  numbers. 

b.  a  matter  of  subtracting  exponents. 

c.  easy  if  you  change  the  sign  of  the  numerator. 

d.  multiplication  of  exponents. 

2.  If  the  denominator  In  adivlslonproblem  expressed  In  powers  of  10  has  a  positive  exponent, 
the: 

a.  numerator  is  positive. 

b.  exponent  will  remain  pojitive  when  it  is  removed  to  the  numerator. 

c.  ei^ponent  is  subtracted  from  the  exponent  in  the  numerator, 
dt  numerator  is  negative. 
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3.  U  the  numerator  hu  a  poalUve  exponent  and  the  denominator  ha«  a  negative  exponent  In 
a  dlvlilOR  problem  In  poweri  ot  10; 

—  a.  the  anflwei  wUl  have  a  negative  exiwnent, 

—  b.  the  answer  wlU  have  a  positive  eiqponent. 

c.  the  answer  may  have  a  positive  or  negative  exponent. 

4.  Divide  the  following.  Express  the  answers  In  powers  ot  10. 

a.  21,000 


b.  176.000 
C.  180,000,000 

—mr~  '   

d.  42,000,000 

fl,flM  "  

e.  0.0018     

ITCUOT "   

f.  6,000,000 

aw  "   

g.  .000,001,6 

4,M6  '   

h.  .03 

CONFIRM  YOUR  ANSWERS  OH  THE  NEXT  EVEN  NUISBERED  PAGE. 

E.  Turn  to  student  text  volume  1  and  read  paragraphs  2-30  through  2-34.  Return  to  this  page 
and  answer  the  following  questioos. 

1.  A  basic  rule  for  addition  or  subtraction  of  numbers  esqpressed  as  powers  d  10  is  that  you 
can  only  combine  munbers  having  Ulce  ^^^^^-^^^^ 

2.  Perform  the  following  addition: 

a.  (90  X  10*)  +  (40  X  10^  =  "  

b.  (4  X  10^  +  (3  X  10^)  =.   


c.  (40  X  10^)  +  (3  X  10^)  - 
d-  (3.6  X  10^)  +  (5.6  X  10"^)  = 
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ANSWERS  TO  D: 

1.  b 

2.  C 

3.  b 

4a.  7  X  10^ 

b.  2  X  lo' 

c.  6  X  10^1         d.  7x  lo'          0.  2  X  10° 

£.  3  X  10* 

g.  4x10-1° 

h.  3.33  X  10"® 

U  you  missed  ANY  <iuestlons,  review  ttw  material  before  you  continue. 

3.  Perform  the  following  subtractiMs: 

a.  (4  X  lO'S  -  (2  X  10*12)  =.   

b.  (7.8  X  10^)  -  (fl6  X  10*) »   

c.  (5  X  10°)  -  (7  X  10^)  n   

d.  (13  X  10*1)  -  (6  X  10*2)  =  ,  

4.  Solve  tbe  following  problems: 

a,  1.465  +  25  -  3.2  =   

b.  306  -(3  X  10"^=   

C.  (44  X  10°)  -  (3.8  X  10°)  +  (56  x  lo")  «   - 

5.  To  square  a  number  containing  a  power  of  10,  square  the  and 
multiply  tbe  by  2. 

6.  To  take  the  square  root  of  a  number  containing  a  power  of  10,  first  Insure  that  tbe 
exponent  of  10  Is   . 

7.  Complete  the  following  prot}lems*. 

a.  (I  X  10°)2  »   

b.  (2  X  loV  =   

c.  (5  X  lO^f  =   

d.  (.0004)2  =   

8.  Complete  tbe  following  prot}lems: 

a.  (4  X  lo')^  =   

b.  (I  X  10°)^  =   
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c.  Uo  X  loV  ■   


0.  Find  the  aquaro  roots: 

a.  V  10  X  10^  » 

b.  V  4xl0^» 

c.  V  6.4  X  lo'  - 

d.  V  .001  « 


CONFIRM  YOUn  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

F.  Turn  to  student  text  volume  1  and  read  paragr^hs  2-3S  through  2<46.  Return  to  this 
page  and  answer  the  following  questions. 

1.   Enter  the  proper  prefix  for  each  power  of  10  value. 
.6 


a.  10' 

b.  10^ 

c.  10° 

d.  10*^ 

e.  10-' 

f.  10-12 

2,   Convert  the  foUowlng  values  as  directed, 

a.  3,000  obms  to  kUohins 

b.  eOkV  to  volts 

c.  2  mA  touA 

d.  ,600uA  to  mA 

ISOmWtokilovatts 
t*  lOH  ohms  to  ohms 

g.  SAtouA 

h.  100  ohms  to  kohms 

i.  .002mA  to  A 
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ANSWEB3  TO  B. 

ft  ft 
2a«  0«4x  10           b«  3«004x  10 

e* 

4,3  X  10'^        d.  3*666  X  10 

3a«  3*000  008x  10 

b* 

fi                           1  0 
6*84  X  10        c*  -6,5  X  10        d.  1.24  X  10 

1  2 
4a*  2*3265  x  10*      b,  3.0ft07  x  10^ 

e* 

S*6402  X  10 

6.  6ven 

7a.  1  or  1 X  10**      b,  4  x  10^ 

e. 

2.5  X  10^^  or  2ft  X  10^** 

d*  16  X  10'®  or  1*6  X  lo'' 

in  Q 
8a*  6*4  X  10^"  or  64  X  10** 

b* 

1  or  1  X  10°    c*  1  X  10^  or  1000  X  10^ 

-6 

d*  8  X  10 

Oa.  1  X  10^            b*  2  X  10^ 

e. 

8x  10^          d.  3.16  X  10*^ 

It  you  mlased  ANY  questlooa,  revtev  tb6  material  before  you  continue* 

3.  The  prefix  for  10*  Is: 

_  a.  Mega 

—  c.  BUcro 

 b.  MiUl 

d*  Amps 

4*   The  prefix  kilo  equals: 

„a*  10^' 

_  c.  10'^ 

_b*  10^ 

^  d,  lo' 

3 

S*  10  X  10  ohms  la  equal  to: 

_a.  lOKohms 

»  e.  lOM  ohms 

_b.  lOOKobtus 

—  d.  IK  ohm 

-3 

6.   200  X  10    amps  is  equal  to: 

—  a.  .02  amps 

~  c.  .2  A 

_b.  200,000  ampa 

_  d.  200^000inA 

7^    100x10  ohms  is  equal  to: 

.^a.  100^000,000  ohms 

_  c.  100  X  10  megohms 

—  b.  100  X  10^  miUlohms 

100  megohms 

.  CONFIRM  VOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAOE. 
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Turn  to  student  toxt  volume  1  and  roadpturagrapiitf  2-47  through  2*S2.  Return  to  this  pogo 
ftivd  answer  the  following  qjuostiona* 

1.  An  equation  expreaiiod  in  munerical  terms 

Is  an  axiom* 

b*  does  not  balance  until  the  final  solution  Is  reached. 
c»  muet  be  kept  in  balance  tUrough  each  step  of  the  solution. 
 d»  always  produces  a  positive  figure. 

2.  Axioms  are  truths  or  facts  that 

„a.  are  self-evident  and  require  no  formal  proof. 
 b.  must  be  proved  periodically. 

c.  prove  all  equations  are  Initially  out  of  balance. 

d.  prove  the  unknown  quantity  is  always  e^cpressed  as  a  number. 

3.  You  can  add  IfOOO  to  the  left  side  of  an  equation* 
a.  U  you  subtract  liOOO  from  the  right  side. 

 b.  without  materially  aifectlng  the  balance. 

 c.  U  you  put  a  minus  1,000  on  the  right  side. 

 d.  U  you  add  1,000  to  the  right  side. 

4«   If  you  multiply  both  sides  of  an  equation  by  the  same  value, 

 a.  you  must  also  divide  both  sides  ^  the  same  value. 

 b.  the  value  of  both  sides  is  reduced  by  half. 

„  c.  you  do  not  change  the  value  of  either  side  of  the  eqjuation. 
,^^d.  you  do  not  change  the  equality  of  the  eqjuation. 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

15 


45S 


ADJUNCT  GUIDE 


ANSWERS  TO  F: 

la.  moga  b*  kilo  c.  unit  d*  mllU  e*  micro 

2a*  3  k  ohms        b*  ao^OOOvoltB  c*  2tOOOuA       d.  .OOOemA  .OOOdOkW 
f.  10,000,000  ohms  g.  S,000*000uA  h.  .IKohma     1.  .000  002A 

3*  c  4*  d  6.  a  6»  c       ^         7,  aandd 

It  you  mlased  ANY  questlonflij  revtew  the  material  before  vou  continue*  


f*  plco 


ANSWERS  TO  G: 

1-  c  2.  a.  3.  d  4.  d 

U  you  missed  ANY  qjuesttona,  review  the  material  before  you  continue* 


H.  Turn  to  student  text  volume  1  and  read  paragraphs  2-S3  through  2-61.  Return  to  this 
page  and  answer  the  following  q|tiesttons. 

I.  When  you  use  the  transposition  process  In  solving  eqjuatlons, 

_  a*  the  unknown  quantities  are  always  moved  to  the  left  without  changing  the  sign. 
._b.  the  sign  la  changed  only  ^vben  moving  terms  to  the  right  side. 
^  c.  you  must  be  careful  not  to  change  the  sign. 

d.  the  sign  Is  always  changed  ^en  you  move  terms  from  one  side  to  the  other. 

2.  Which  of  the  following  equations  will  produce  a  negative  answer? 

 a.  X  +  6  «  6   c.  X  -  6  B  4 

«b.  X+6=4   d.  X  +  l=  2 

3.  Which  of  the  following  eq|tiattons  will  produce  a  positive  answer? 

 a-  X  +  10  =  8  «  c.  X  +  18  =  13 

 b.  X  +  16*16  «d.  X  +  12  =  15 

4.  Solve  tor  the  unknown  In  each  of  the  following  equations: 

a.  X  +  10  =  18   

b.  3X  +  12  =  24   

c.  3X  *  6  =  9 

d.  T3C  *  X  «  49  *  X   
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ADJUNCT  QUmB 

e.  IQX  -  15  +  5  -  110   ;  

(.  3X    10  -  I 

g.  X  +  16  -  11   

b.  OX  +  10  -  lOK  -  10   <  

1.  4X  -  8  -  2X  +  10   

j.  7X-8  +  4-3X  +  fl  +  15   

k.  lOX  -  4  »  100  +  16   

1.  fflC-0-l+4-3X-lfl'   

COt47IRM  VOUB  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

I.  Turn  to  student  text  volume  1  and  read  paragraphs  2-62  through  2-78.  Return  to  this 
page  and  answer  the  toUowlng  questions. 

1.  In  solving  equations,  the  urVAOwn  value  Is: 

 a.  N.   c.  V. 

— b.  X.  mm—  d.  Any  ot  the  alxrve. 

2.  To  solve  (or  I  In  the  equation  E  »  IR,  you  would: 

—a.  multiply  both  sides  by  R.  —  c.  divide  both  sides  by  E. 

— b.  divide  both  sides  by  R.  —  d.  cross  multiply. 

3.  If  E  is  equal  to  P/I,  P  is  equal  to; 

—a.  E  divided  by  I.  c.  E  times  I. 

_b.  E  plus  I .  d.  E^  plus  I. 

4.  Given  the  equaUon  A/B  »  C/D,  solve  tor  C  by: 

_a.  multiplying  both  sides  by  D.  _  c.  multiplying  both  sides  by  B. 

_b.  dividing  both  sides  by  D.  .  d.  dividing  both  sides  by  A. 

5.  In  solving  (or  A  In  the  equation  A/B  »  C/D, 

__a.  multiply  AxDandBxC.  divide  both  sides  by  B. 

— b.  divide  both  sides  by  B  x  D.  d.  multiply  both  sides  by  b. 
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ADJUHCT  GUIDE 


AHSWERS  TO  H: 
1*  d      2*  b     3*  d 

4a.  6  b.  4  e.  9  d.  7  e.  12  f.  -3  g.  *i  h.  5  i*  9  ]. 
If  you  missed  ANY  questionsi  review  the  material  before  you  continue 


k.  12     t  13 


^C=JH72         solve  for  f. 


Xj^  =  2^fL         solve  for  f. 


8.    P  =  TR 


solve  for  I. 


0.   If  E  and  I  of  a  circuit  are  Icnowo* 
«i»a.  voltage. 
w.b«  current* 


can  be  determined. 

c.  resistance. 
_  d.  nothing. 


10.  When  voltage  Is  Increased  in  a  clrcultandtbe  resistance  Is  held  constant^  the  current  vlU: 
^_a«  increase*  _  c.  stay  the  same. 

_b«  decrease*  _  d.  stop. 

ll«  If  the  resistance  in  aclrcultisdoubled,and  the  voltage  applied  Is  doubled,  the  current  will: 

a.  double*  _  c.  stay  tbe  same* 

•.^b.  decrease*  _  d.  stop. 

12.  Which  of  tbe  following  Is  NOT  a  form  of  Ohm's  taw? 

—  a*  I  =  ER.  _  c.  R  s  E/I. 

 b.  E  :=  m*  »  d.  I  :=  E/R. 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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ADJUNCT  aUlDB: 


ANSWGnS  TO  1: 
1,  d  2,  to 

1 


6,  (  « 


3.  c 


4.  a 


5,  d 


0.  c  10.  a  11.  c  12.  a 

If  jrw  missed  ANY  questions,  review  the  material  before  jrou  continue. 


YOU     MAY    STUDY     ANOTHER    RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 
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MODULE  SBLF-CHECK 

ELECTRONIC  MATHEMATICS 


QUESTIONS: 

1,   MulUply  Iho  toUowlng  and  e^preBS  Ihe  aniwers  In  powers  ot  10. 
a.  1000  X  SOOO  »   


b.  600  »  7  X  10'  a 

c.  9000  X  400  « 

5 

d.  0.007  X  3  X  10  = 

g 

e.  0.005  X  8  X  10  » 


2.   Divide  the  toUowlng  and  express  the  answers  in  powers  ot  10. 
,3 


a.  48  X  10" 

6x  10* 

b.  36,000 

c.  56  X  10^  _ 
TxT? 


d.  0.009 
"OS"  " 

e.  10,000.000 


3.   Complete  the  following  problems: 

a.  E  =  IB  Solve  tor  I. 

b.  P  =  At         Solve  tor  I. 

c.  Xj^  =  21lfL     Solve  tor  L. 

<»•      =  2¥I5 

e.  P  =  IE  Solve  tor  E. 


CONFIRM  VOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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MODULE  SKLF-CUBCK 


ANSWERS  TO  MODULE  SELF-CHECK 

la.  8  X  10*  b.  4.2  X  10^        c.  3.6  x  10*  d.  2.1  x  10^  e.  4  x  10* 

2a.  8x10°  b.  4x10^         0.8x10*  d.  1  x  10'^  «.  1  x  10* 

3a.  I  -  E/R  b.  I  •  V  P/R     c.       3L  d.  -        1  e.  E  •  P/I 


HAVE  YOU  ANSWERED  ALL  OF  THE  QUESTIONS  CORRECTLY?  IF  NOT,  REVIEW 
THE  MATERIAL  OR  STUDY  ANOTHER  RESOURCE  UNTIL  YOU  CAN  ANSWER  ALL 
QUESTIONS  CORRECTLY.  IF  YOU  HAVE,  CONSULT  YOUR  INSTRUCTOR  FOR 
FURTHER  GUIDANCE. 

ATC  ISI 
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PROGRAMMED  TEXT 
EISCTRONIC  MATHEMATICS 

INSTRUCTIONS: 

This  text  ia  deoigned  so  that  you  will  go  through  it  step  by  step. 
Bach  frame  or  step  of  instruction  is  designed  to  teach  you  a  small  bit 
of  info xioat ion.    Answers  for  the  questions  for  each  frame  is  given  on 
the  top  of  the  next  even  numbered  page,  (Blocked*) 

Read  the  information  and  respond  as  you  are  directed.    Turn  to 
the  following  page  and  confirm  your  response.    Bo  not  proceed  until 
you  have  responded  correctly.    If  you  require  assistance,  see  your 
instructor, 

CONTENTS 


TITLE  PAGE 
Signed  Numbers  1 
Powers  of  Ten  7 

Electronic  Prefixes  26 

Equations  !il 


Supersedes  Service  Test  Edition,  K5P-PT-3,  1  April  197h* 
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SIGNErC  NUMBERS 


Mathematics  Is  an  Important  tool  In  the  study  and  underatandlng 
of  electronlcSi    Certain  mathematical  operations  ora  more  usefal  than 
others.   ThlB  text  will  explain  the  folloying  areas;    Blgned  numbers^ 
povors  of  tenj  and  equatlonB*    A  basic  understanding  of  these  areas  will 
prove  to  be  very  helpful  in  later  applications  to  electronic  problems 
involving  foxmlas. 

Ih  order  to  understand  powers  of  ten,  it  is  necessary  to 
understand  signed  numbers.    Any  number  may  have  a  positive  (+■) 
or  negative  (-)  sign  attached  to  it*    The  sign  indicates  a  direction 
from  some  reference  point.    The  following  numbered  lines  show 
the  relationship   between  positive  and  negative  nuirteers.  If 
positive  is  to  the  right,  then  negative  is  to  the  left.    If  positive 
is  up,  then  negative  is  down*   The  positive  sign  is  often  omitted* 
A  number  without  a  sign  is  understood  to  be  positive* 


Knowledge  of  the  operations  of  addition,  subtraction,  and 
nultlplicatlon  of  signed  numbers  is  the  objective  of  the  first  part. 
Your  knowledge  of  addition  of  signed  numbers  is  tested  in  Master  Quiz  1. 


'  1; 

•  3 
■  2 

*  1 


— I — I — ' — I — I — I — I — I — ^ 
-li  -3  -2  -1   0   1   2  3 


«-  0 

-  -1 
••  -2 


3 


Figure  1*    Signed  Numbers 
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MASTER  QUIZ  1.  ADD: 

1.     -3      2.   +6       3.     8  -6.2         5.    26         6.  -17 

-6  -15  10.3  -12 

Check  your  answers  on  the  next  eTen-numberdd  page.    If  you  ndsaed  less 
than  two,  taira  M/lSTEH  QUI2  2,    If  you  missed  two  or  more*  contL^ue 
reading. 

Adding  Signed  Numbers .    When  adding  numbers  with  the  sama  signs, 
the  answer  retains  that  sign. 


3 

-7.2 

-A6.82 

-4.1 

-13. IS 

9 

-11.3 

+11 

-60.00 

Adding  numbers  vlth  unlUce  signs     is    accomplished  In  two  steps: 
STEP  1,    Disregard  signs  and  subtract  smaller  number  ftom  larger 
number, 

SXEP  2.    Express  this  answer  with  the  sign  of  the  larger  number. 

Examples :    -17  l3 , 2  73  -16 

+  8  ^1,7  ^IZ  ZL 

*  9  -68. 5  31  8 

Remember  the  tvo-step  approach  when  adding  numbers  with  unllice  signs  I 


SOB  QUIZ  1,  Add; 

1,    50         2.    -33         3.   +17  A.    *83         5.    -13      6,  100 

*23  -11  +U.2  72  26>5  *105 

Check  your  answers  on  th6  next  even-numbered  page.    If  you  missed  any 
of  the  problems,  reread  preceding  paragraphs*    If  your  answers  are 


cotTQOti  taktt  MASTER  QUIZ  2. 


MASTER  QUIZ  2.  Sabtnctt 


1.  -8 


2.  -3 
-7 


3.  i.7 

1.3 


^.  IS 
-27 


5.  -2 


6.  -U 


Check  7our  onsxisrs  on  the  next  even-nuitibared  pAge*    If  7ou  missed  less 
than  two,  take  MASTER  QUIZ  3.    If  yaa  missed  two  or  more,  continue 
reading. 

Subtracting  Signed  Niimbers.    Subtraction  is  the  opposite  (inverse) 
V^^^r^^^^op^ration  of  odditionj  remaaber  this  when  subtracting  signed  cumbers. 
The  subtraction  problem  can  be  made  into  an  addition  problem  by  changing 
the  sign  of  the  aecon4  nuniber  and  adding  it  to  the  first  number.  For 
example,  -6  -(7)  should  be  written  as  -6  +  (-7)  and  solved.  Remember, 
change  the  sign  of  the  number  you  are  subtracting,  then  add. 
Examples:    -6     This  problem  can  be  written  as:  -6 


-7 


+7 


Solution:    7  +  (+U)  =  21 
Solution:    -10  +  (-3)  =  -13 
Solution:     11  +  (-2)  =  9 
Solution)     37  +  (+20)  =  57 
Subtraction  of  signed  numbers  is  simple  as  long  as  yaa  remember  to 
change  the  sign  of  the  second  number  and  add. 


7  -  (-U)  =  a 

-10  -  (3)  =  -13 
11  -  2  =  9 
37  -  (-20_  =  57 
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ANSWERS  TO  mSTER  QUI2  1. 

1.    -7      2.    0        3.  -7 

4.  4.1 

5.  U 

6.  -20.4 

ANSWERS  TO  SUB  QUIZ  1. 

1.    27        2.  -U         3.  31.2 

4.  -11 

5.  13.5 

6.  -5 

ANSWERS  TO  MASTER  QUIZ  2. 

1.    -11        2.    4        3.  3.4 

4.  45 

5.  -7 

6.  0 

SUB  QUIZ  2.  Subtract: 

1.    23.1       2.    -37         3.  -8 

4. 

U.9 

5.  18 

6.  -107 

-14.6             -53  6 

26.3 

10.9 

-  IL 

Check  yofur  answers  on  the  next  eTren^-numbered  page.  If  you  missed  any 
of  the  problems,  reread  the  preceding  paragraph.  If  your  answers  are 
correct,  take  MASTER  QUIZ  3. 


MASTER  QUIZ  3.  Multiply: 

1.    11         2.    7       3.    -13  4.    ^         5.    5       6.  -5 

X  10,        X  *9  X  -  9  X  ^^i.        x-12  x-16 

Check  your  ansvers  on  the  next  even-numbered  page,    if  you  missed  less 
than  two,  take  Summary  Quiz  1.    If  you  missed  two  or  more,  continue 
reading. 


4CD 


Multiplying  Signed  Humbora.    When  nraltlplylng  numbers  with  like 
eigne  (both  positive  or  both  negative)  i  a  FOSZTWE  answer  will  always 
bo  the  reeult. 

Examplttst    3  *A         -12  8 

18  20        132  T7S~ 

Multiplying  numbers  with  unlike  signs  idll  always  produce  a 
NHiATIVE  answer. 

Ebcamplest       5         -6         -2.1  2 
X  -U       X  7       X    .7       X  -8 
-60      -42  -1.6 

Hemember,  multiplying  numbers  with  like  signs  will  produce  positive 

answers}  and  multiplying  numbers  of  unlike  signs  will  produce  negative 

answers. 


SUB  QUIZ  3.  tiatlply: 

1.    3         2.    -A       3.    17        A.    -16         5.  -1.3       6.  U 

3C  7             x-9          x-11             3;  4_  .2  X-  3 

Check  your  answers  on  the  next  even-numbered  page*  If  you  missed  any 

of  the  problems,  reread  the  preceding  paragraphs.  If  your  answers  are 
correct,  take  Summary  Quiz  1. 
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AKSVEaS  TO  SUB  QUIZ  2. 

1.    37.7      2.    16     3.    -U    4.   -11.^     5.    7.1      6.  -93 

- 


ANSWERS  TO  MASTER  QUIZ  3. 

1.    110      2.-63      3.    117      4.    32         5.   -60      6.  So 


AMSWEES  TO  SDB  QUIZ  3- 

1.    21      2.  36      3.   -1S7      4.   -64      5.    .26      6.  -jV2 


SUMMARX  QUIZ  1. 

1.    Satrtract:  -13 
6 


2.    Maltlply:  12 
7 


3.    Add:  120 


U.    Maltlply:  -3 


7.    Add:    32.1  8. 
U.8 

10.    Subtract:  28 
-20 


5.    Stibtracti  l6      6.    Add:  -76 


Miltlply:  -17 
 L 


9.    Subtract;  -37.6 
-36.6 


11.    Maltlply:    6.3       12.    Add;  -132 
-.9   16. 


Check  your  answers  on  the  next  even  numbered  page.    If  your  answers  are 

correct,  go  on  to  the  next  paragraph.  If  yuu  missed  any  problems,  review 
the  appropriate  paragraphs. 

Division  of  signed  numbers  vlll  not  be  covered  In  this  text. 
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POWERS  OF  lEN 

Powrfl  of  ton  play  a  very  important  rolo  in  eleetronioa. 
For  example,  thero  are  6, 230^000, 000, 000,  000,  000  eleotrons  in  one 
coulomb.    It  is  easier  to  vrite  that  number  as  6.28  X  10'^  eleotrons. 
You  can  see  that  ueing  a  power  of  ten  is  really  a  type  of  mathematical 
shorthand. 

Powers  of  t^  have  tvo  purposes  trtien  used  in  electronics.  They 
simplify  calculations  and  provide  a  convenient  method  of  expressing 
very  large  and  very  small  numbers.    Look  at  the  folloving  pattern; 
100  =  10  X  10 
1000  =  10  X  10  X  10 
10,000  =  10  X  10  X  10  X  10 
100,000  =  10  X  10  X  10  X  10  X  10 

and  so  on.    You  can  sin^lify  vriting  these  numbers  by  using  the  folloving 
abbreviation!  10  x  10  -  10^.   Read  10^  ae  "ten  to  the  second  power". 
10  X  10  X  10  -  10^.  Head  103  ae  "ten  to  the  third  power". 
10  X  10  X  10  X  10  -  10**.   Read  10**  as  "ten  to  the  fourth  power". 

10  -  10^  and  is  road  as  "ten  to  the  first  power.   1  -  10°  and  is  read 
as  "ten  to  the  zero  power". 

Numbers  besides  those  beginning  with  one  can  be  written  with  this 
shorter  method.    For  example: 

W  =  4  X  100  =  4  X  10^ 
3000  =  3  X  1000  =  3  X  103 

16  =  1.6  X  10 
2450  =  2.450  X  1000  =  2*45  x  103 
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ANSWERS  TO  SUMMARY  QUIZ  1 

1.    -19     2.   84    3.  106 

4. 

27     5.  20 

6.  -89     7.  46.9 

8.-68     9.    -1     10.  hB 

11. 

-5.67  12. 

-116 

Nov        can  see  why  ve  can  say  that  6^280^000^000^000^000^000^  electrons 
Is  equal  to  6*28  x  10^  electrons*    The  small  raised  number  Is  called 
the  EXPONENT  and  10  is  called  the  BASE  NUMBER*    The  number  that  is 
multiplied  by  the  powar  of  ten  is  called  the  NUMERICAL  COEFPICIEHT* 
Let^s  locate  these  numbers  yltti  respect  to  a  powr  of  ten* 

^6*28  X  10^1:*^  ^Ebcponent 

^ — .Base  Number 

Numerical  Coefficient 

PIGURS  2# 


MASTER  QUIZ  U*    Convert  to  powers  of  ten  with  the  numerical  coefficient 
expressed  as  a  number  between  1  and  10* 

1.  2500  =   U*    *0OOOO0e25  =  

2.  486,000  -   5.    156.73  =  

3.  *0028  =    6.    ,01B  -  


Check  your  answers  on  the  next  even-numbered  page*    If  you  missed  less 
than  two,  proceed  to  MASTER  QUIZ  5*    If  you  missed  tyo  or  more,  continue 
reading* 
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An  oaoy  rulo  to  follow  ^or  changing  a  number  greater  than  ten 

to  a  pouor  of  ten  lei 

Move  the  deelmal  point  go  that  one  non^zero  digit  remalne 
to  the  left  and  aount  the  number  of  placee  the  dacljnal  vae 
moved.    The  number  of  places  uLll  be  the  exponent  of  the  ten. 

Let* 3  uee  thle  rule  to  do  the  following  problema: 

(1)  jV27,000  =  4.27000  x  10?  ^  4.27  x  10^ 

(2)  IB. 2     1.82  X  10^  =  1.82  x  10 

(3)  5,230,000,000  -  5.330000000  x  10^  =  5.28  x  10^ 


SUB  QUIZ  4A.  Convert  to  powers  of  ten  expreaslng  the  numerical  coefficient 
as  a  number  bet\jeen  1  and  10. 

1.  ;6,8oo  =   4.  2400  -  

2.  310  ^   5.    102450  =  

3.  78,800,000  -   6.    U.32  -  

Check  your  answers  on  the  next  even-numbered  P^tge'.    Xf  you  missed  any 
problems,  review  the  preceding  paragraphs.    If  your  answers  are  correct, 
continue  reading, 

 ^ 

Powers  of  ten  can  also  be  used  to  write  very  small  numbers.  The 

following  listing  explains  1 

.1  =  10*^  .0001  =  10-^ 

.01  =  10"^  .00001  -  10-5 

.001  =  10"^  and  so  on. 

The  negative  exponent  shows  that  the  decimal  point  was  moved  TO  THE  RIJGHT. 
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ANSWERS  TO  MASTER  QUIZ  U. 

1.    2.5  X  ICP            3.    2.8  X  10"^ 

5. 

1.5673  X  102 

2.    4.86  X  105           4.    8.25  X  10-7 

6. 

1.8  X  10-2 

ANSWERS  TO  SUB  QUIZ  4A. 

1.    5.68  X  10^ 

4. 

2.4  X  103 

2.    3.1  X  102 

5. 

1.0245  X  105 

3.    7.88  X  lo'' 

6. 

1.432  X  10 

Other  small  numbers  can  be  vrltten  this  vay: 
.4  =  4  X  .1  =  4  X  10"^ 
.06  =  6  X  .01  =  6  X  10-2 
.0055  =  5.5  X  .001  =  5.5  x  10-3 


Notice  that  the  numerical  coefficient  of  the  powr  of  ten  Is  between 

one  and  ten  just  like  the  positive  exponent  problems. 

7he  rule  for  changing  small  numbers  to  powers  of  ten  Is: 

Move  the  decimal  point  so  that  one  non^zero  digit  appears 
to  the  left  of  the  decimal  point.    Count  the  number  of  places 
the  decimal  point  vas  moved  to  the  right.    7he  number  of  places 
will  be  the  exponent  which  will  also  be  negative. 

7he  following  problems  Illustrate  the  rule  above. 

(1)  .00051  =  5.1  X  10"^ 

(2)  .000000009  =  9  X  10-9 

(3)  .020$  =  2.06  X  10-2 

(4)  .10005  =  1.0005  X  lo--'- 

10     ■  • 


Romoffibart 

(1)  7he  numerical  coefficient  will  olvoya  be  exproaeed  as  a 
number  between  one  and  ten. 

(2)  If  ycni  move  the  decimal  point  right,  the  exponent  will  be 
negative . 

(3)  If  ycni  move  the  decimal  point  left,  the  exponent  will  be 
positive . 

Let's  convert  the  folloving  problems  to  powers  of  ten.  Remember  the 
rules  for  positive  and  negative  exponents. 

(1)  ^527.60  =  4.5276  x  lO^ 

7he  decimal  point  was  moved  3  piaces  to  the         so  the 
exponent  is  POSITIVE  THREE. 

(2)  .000513  -  5.13  X  10"^ 

The  decimal  point  was  moved  U  Piaces  to  the  RIGHT  so  the 
exponent  is  MEGA.TIVE  lOUR. 


SUB  QUIZ  43.    Convert  to  powers  of  ten  expressing  the  numerical 
coefficient  as  a  number  between  1  and  10. 


1.  .00426  = 

2.  lfl,000  = 

3.  3A28.5  = 


U.  .00000062  = 
5.    .9  =  


6.    696,000  = 


Check  your  answers  on  the  next  even  nusibered  page.    If  you  missed  any  of 
the  problems,  review  the  preceding  paragmphs.    If  your  answers  are 
correct,  talce  MiSTER  QUIZ  5- 
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ANSWERS  TO  SUB  QUIZ  4S. 

1.    4.26  X  10-3 

4. 

8.2  X  10" "7 

2.    1.8  X  10^ 

5. 

9  X  10-1 

3.    3.^^285  X  lo3 

6. 

6.96  X  lo5 

M&STER  QUIZ  5*    Convert  from  the  given  power  of  ten  to  the  power  of  ten 
whose  nunerlcal  coefficient  l8  letwsen  1  and  10. 

1.    2^2  X  10^  -   4-    -00006  X  X02  =  


2.  .0034  X  10-3  r   5.    .379  X  10-5  s  

3.  72.34  X  10^  =   6.  '5,281ix  10-2  

Check  yuur  anevere  on  the  next  even-numbered  page.    If  you  missed  less 
than  two,  proceed  to  M&STER  QUIZ  6.    If  yaa  missed  two  or  more,  continue 
reading. 

Sonietlioed  &  xrombdr  la  vrltten  as  a  paver  of  ten  with  the  numerical 

coefficient  not  between  one  and  ten.    In  this  caae  ve  nnxst  correct  the 

ixumber  ao  that  the  numerical  coefficient  la  between  one  and  ten.  Thla 
la  done  do  that  a  atandard  answer  la  attained  everyone. 

We  uae  the  same  rules  aa  before  but  ve  must  alao  take  into 
account  the  exponent  already  written.    Look  at  the  following  examples  i 

(1)  U5  X  10^  -        X  10^^  =        X  106 

We  had  to  move  the  decimal  point  QUE  place  to  the  I£Fr  which 
gives  an  exponent  of  poaltlve  one.    Thla  exponent  la  added  to 
the  preaent  exponent. 

(2)  305  X  102  =  3.05  X  102  +  2  ^  3^35  ^ 

(3)  .1  X  10^  =  1  X  10**"(-1)  ^  1  X  103 

In  this  example  the  decimal  point  was  moved  ONE  plkce  to  the 
RIGHT  which  indicatea  an  exponent  of  -1.    The  negative  one 
is  added  to  the  H  already  there  to  get  the  sum  of  3- 
(If  necessary,  review  addition  of  signed  numbers  in  preceding 
paragraphs . ) 

U)    .051  X  10-2  =  5.1  3c  10-2  i-(-2)  =  5.1  X  ICr^ 

In  each  case,  determine  the  proper  exponent  using  the  rules  ym 
have  learned  In  preceding  paragraphs.    Then  add  this  new  exponent  to 
the  exponent  already  In  the  problem. 

477 
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leVB  try  a  £bw  problomot 


(1)  .0037  X  10-2  ^  3^7  3c  10-5     aoiutioni  The  daclmai  point  had  to 

bd  moved  3  placoe  to  the  HIQHT  00  the 
new  exponent  lo        Add  -3  to  »2 
already  in  the  problem  to  get  -5. 

(2)  53^12*76  X  lo5  =  5.3^1276  x  lO^    Solution!  The  decimal  point  has  to 

be  moved  3  places  to  the  UBFT  for 
an  exponent  of  •f3-    The  *f3  is  added 
to  the  5  in  the  problem  to  get  8. 

(3)  .0000502  X  10^==  5.02  x  10*^  Solution!    The  decimal  point  has  to 

be  moved  5  places  to  the  'RUSSitS  for 
an  exponent  of  '»5*    The  -5  is  added 
to  the  U  already  there  to  get  an 
exponent  of  --l. 

SUB  QUIZ  5.    Convert  the  given  power  of  ten  to  a  power  of  ten  having  a 
numerical  coefficient  between  1  and  10. 

1.  .037  X  103  «   4.    .00005  X  10-2  -  

2.  1000  X  10*''  =   5.    .364  X  10  =  

3.  54.76  X  10^  -   6.    99665  x  10"3  =  

Check  your  answers  on  the  next  even-numbered  page.    If  ym  missed  an 
answer,  reread  the  preceding  paragraphs.    If  yaar  answers  are  correct, 
taJce  MASTER  QUIZ  6. 


M/ISTEH  QUIZ  6.    liiltiply  using  powers  of  ten  to  express  the  answer*  s 
numerical  coefficient  as  a  number  between  1  and  10. 

1.  4300  X  17   .    4.    2.1  X  10-3  x  2  x  10^  =  _ 

2.  .004  X  3000  =  .    5.    .5  x  (9x10-4)  ^  

3.  10.5  X  (5  X  102)=  .    6.    AOOO  x  .00004  =  

Check  your  answers  on  the  next  even-numbered  page.    If  you  missed  leas 

than  two  I  take  M/ISIER  QUIZ  7.    If  you  missed  two  or  more,  continue 
reading. 
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AUSUEaS  TO  M&arSR  QU12  5. 

1.           X  lOP 

4. 

6  X  10^3 

2.    3.4  X  10-6 

5. 

3.79  X  10-6 

3.    7.234  X  105 

6. 

5.284  X  10 

ANSWERS  TO  SUB  QUIZ  5. 

1.    3.7  X  10 

4. 

5  X  10-7 

2.    1.0  X  10-^ 

5. 

3.64  X  10°  =  3.64 

3..  5.476  X  105 

6. 

9.9665  X  lol 

ANSWERS  TO  MASTER  QUIZ  6. 

1.    7.31  X  10^ 

4. 

4.2  X  10-1 

2.    1.2  X  lo' 

5. 

4.5  X  10-4 

3.    5.25  X  10^ 

6. 

1.6  X  10-1 

Multiplication  using  powers  of  ten  involves  four  basic  steps: 

(1)    CoiTTOrt  numbers  to  powers  of  ten  if  not  already  in  that 


fom. 

(2)  MOLTIEtZ  the  nmnarical  coefficients. 

(3)  ADD  the  exponents. 

(iV)   Express  the  answer  with  a  numerical  coefficient  between 
1  and  10. 

Example  1.    .0007  x  24  -  . 

(1)    Convert  to  powers  of  ten.     .0007  -  7  x  10"^     24  -  2.4  ^  10 

U 


H7d 


(2)  MULTIPLY  numerical  coomolonto  (7  x  10"^)  x  (2.4  x  10^) 

=  16.8  X  10"^  X  10^ 

(3)  ADD  expoMnta.  l6.8  T  10"^  x  10^  =  16.8  x  10^"^  ***  s  ^^.g  ^  io-3 
(4.)   Express  the  answer's  numerical  ooefflolent  as  a  number  between 

1  and  10.    16.8  x  lO"*^  '  1.68  x  10"^ 
(Moving  tbe  decimal  point  left  one  place  means  you  add  a 
positive  one  to  tbe  exponent.) 
Example  2.     55,000  x  3,300  =  . 

(1)  Convert  to  powers  of  ten.    55,000  =  5.5  x  10^      3,300  -  3.3  x  10^ 

(2)  Multiply  numerical  coefficients.    (5.5  x  10^)  x  (3.3  x  10^) 

=  18.15  X  10^  X  10^ 

(3)  ADD  exponents.    18.15  x  10^  x  10*^  =  18.15  x  10^^  ***  3)  =  18.15  x  lo'' 

(4)  Express  the  answer's  numerical  coefficient  as  a  number  betmen 
1  and  10.    18.15  x  lo''  =  1.815  x  10^ 

Exaii$)le  3.    .0067  x  2.8  x  10"^ 

(1(    Convert  to  powers  of  ten.    .0067  =  6.7  x  10*-^ 

(2)  ,    lUply  numerical  coefficients.    (6.7  x  lO"-^)  x  (2.8  x  10"^) 

=  18.76  X  10-3  3t  10-5 

(3)  Add  exponents.    18.76  x  10*3  x  10"^  =  18.76  x  10    ^"^^  ***  ^"^^ 

=  18.%  X  10"* 

(4)  Express  tbe  answer's  numerical  coefTlcient  as  a  number  between 
1  and  10.    18.76  x  10"*  =  1.876  x  10"'' 
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ExQntple        200,000  x  .045 

(1)  Convert  to  powers  of  ten.    200,000  =  2  x  10^     .045  =  4.5  x  10 

(2)  Multiply  numerical  coef f lolents .  (2  x  10^)  x  (4-5  x  lO'^) 

=  9  X  lo5  X  10"^ 

(3)  Add  exponents.    9  x  10?  x  10*2  =  9  x  lO^+t-^)  =  9  x  10^ 

(4)  This  step  Is  not  necessary. 

In  solving  any  multiplication  problem  using  powers  of  ten,  the 
same  four  steps  are  always  used.    Also,  remember  that  the  exponents 
are  signed  numbers  and  should  be  treated  as  such  when  adding  them.  You 
can  review  addition  of  signed  numbers  In  preceding  paragraphs. 


SUB  QUIZ  6.    Miltiply  using  powers  of  ten. 

1.  36,000  X  500,000  =   

2.  .0005  X  2,000  =   

3.  2.5  X  10-^  X  2.1  X  10"5  =   

4.  . 035  X. 00087  =  

5.  4.85  X  105  X  9  X  10*2  -   

6.  4500  X  10,000  =   

Check  your  answers  on  the  next  even-numbered  page.    If  you  missed  an 
answer,  reread  the  preceding  paragraphs.    If  your  answers  are  correct, 
take  MASTER  ^TZ  7. 
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MASTER  QUIZ  7.    Divide  using  powers  of  ten  with  the  ansi/er'a  numerical 
ooefficient  expressed  as  a  number  between  1  and  10. 

1.  6000   4.    8  X  10"'^  »   

300  "  2  X  lo:? 

2.  .0013  -r  .0009  =   5.  .03  

4,000,000 

3.  IB  X  lO"  _   

3  X  10^4  "  6.    .00012  «   

.05 

Check  your  answers  on  the  next  even-^numbered  page.    If  you  missed  less 
than  two,  take  MASTER  QUIZ  8.    If  you  missed  t\to  or  more,  continue 
reading. 

A  division  problem  can  be  written  in  one  of  two  ways:    5000  *r25  or  5000  . 

25 

We  will  utilize  the  second  form  in  our  discussion.    The  number  above 
the  line  is  called  the  numerator  and  the  number  below  the  line  is  called 
the  denominator. 

Division  using  powers  of  ten  is  very  similar  in  procedure  to  multiplication 
using  powers  of  ten.    Four  basic  steps  are  used: 

(1)  Convert  the  numbers  to  powers  of  ten  if  not  already  in  that 
foxm. 

(2)  Divide  the  numerical  coefficients. 

(3)  Move  the  exponent  in  the  denominator  above  the  line,  change  its 
sign,  and  add  to  the  exponent  in  the  numerator. 

(4)  Express  the  answer's  numerical  coefficient  as  a  number 
between  1  and  10  times  the  correct  power  of  ten. 
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ANSVfERS  TO  SUB  QUIZ  6. 

1.    1.8  X  10^° 

U.    3.04  X  10"5 

2.  1 

5.    4.365  X  10^ 

3.    5.25  X  10-9 

6.    4.5  X  lo'' 

AMSWERS  TO  MASTER  QUIZ  7. 

1.    2  X  10 

4.    4  X  10-10 

2.  2 

5.  7.5x10-9 

3.    6  X  10^^ 

6.    2.4  X  10-3 

Example  1.  .000005A 
.00009 

(1)    Convert  to  powers 

of  ten.    .0000054   -    5.4  x  10"^ 
.00009         9  ^  10-5 

(2)    Divide  the  numerlcail  cnefflclenta.  5.4  x  10'°  -  .6  x  10"^ 

9  X  10-5  10"^ 


(3)  Move  the  exponent  in  the  denominator  above  the  line,  change  its 
sign,  and  add  to  the  exponent  in  the  numerator. 

.6  X  10-^  _  .6  X  10-^  X  10^-5  =  .6  X  10-^(+5)  =  .6  x  10-^ 
10-5 

(4)  Expreaa  the  answer's  numerical  coefficient  between  1  and  10. 
.6  X  10"!  =  6  X  10-2 


IB 


Example  2.  35000 
25 

(1)  Convert  to  powers  of  ten.    3,5  x  10^ 

2.5  X  10^ 

(2)  Divide  numerical  coefficients.    3.5  x  10^  -  I.4  x  10^ 

2.5  X  10^  10^ 

(3)  Mbvt  the  exponent   in  the  denominator  above  the  line, 

change  its  sign,  and  add  to  the  exponent  in  the  numerator* 

1.4  X  10^-  1.4  X  10^  X  10"^  =  1.4  X  10    ^'•"(-1)  =  1.4  X  10^ 
lOl 

iU)   This  step  Is  tumeceasary  as  the  ansver  Is  already  in  proper 

fom> 

Example  3.  *00lfl 
.0009 

(1)  Convert  to  povers  of  10.    1.8  x  10"-^ 

9  X  10"^* 

(2)  Divide  the  numerical  coefficients.    1*8  x  10"^  :s  -2  x  10"^ 

9  X  10*^  10"^ 

(3)  Hove  the  denominator  above  the  line^  change  the  sign  of  its 

exponent y  and  add  it  to  the  numerator's  exponent* 

-2  X  10"3  ^  .2  X  10-3  X  10^  "  *2  X  lo("3  +0  =  .2  x  10^ 
10-^ 

{U)   Express  the  answer's  numerical  coefficient  as  a  number  between 
1  and  10*    *2  X  10^  =  2  X  10*^  =  2 
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Example  U-  .0000072 
.004 

(1)  Convert  tc  povera  of  ton.    7.2  x  10"^ 

U  X  10-3 

(2)  Divide  the  numerical  coefficients.    7.2  x  IQ-^    -  1.8  x  10-^ 

U  X  10-3  10-3 

(3)  Move  the  denominator  above  the  line,  change  the  sign  of  its 
exponent,  and  add  it  to  the  numerator's  exponent. 

1.8  X  10-^  s  1.8  X  10-6  3c  io3  =  1.8  x  io(-^3)  =  i.g  x  10-3 
10-3 

(4.)   This  step  is  not  necessary  as  the  number  is  already  in  correct 
form. 

Example  5.  80,000 
.0000002 

80.000  -  8  X  10^   =  4  X  10^  _  4  X  10^  X  107 
.0000002"  2  X  10-/  10-7  , 

^°     =  4  X  10^+-7) 

=  4  X  10^^ 

Example  6.  .00009 
450 

.00009   =:    9  X  10"^   =  2  X  10-5     s  2  X  10-5  ^  lO"^ 
^50  4.5  X  102  lo^  ,_2^ 

=  2  X  10   -5  +  ^ 

=  2  X  10"*^ 

Remember:    You  must  change  the  sign  of  the  denominator's  exponent 
vrtien  you  move  it  to  the  top  and  add  it  to  the  numerator's  exponent. 

Utilize  the  four-step  approach  when  solving  division  problems. 
Sometimes  steps  1  and  U  are  not  necessary,  but  steps  2  and  3  ALWAYS 
are  I 
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SUB  QUIZ  7.    Divide  using  povora  of  ten. 

1.  32^000  3    4.    BOO  o  

.008  1,600,000 

2.  .110     ^    5.    .0027  ^  

2000  .0003 

3.  .000009       s    6.    .0002^  .   

.00000003     "  720 

Check  your  answers  on  the  next  even-numbered  page-    If  you  missed  an 
answer,  review  the  preceding  paragraphs.    If  your  answers  are  correct, 
take  MASTER  QUIZ  3. 

M/ISTER  QUIZ  8.    Addition  and  Subtraction  using  powers  of  ten. 

1,  340*000  +  75,000  =   4.    4  X  10"^  -  2  x  10*^  = 

2,  90  X  10^  +  6  X  105  =     


3*    .0076  +  .00045  =   5.    5  -  .002  = 


6.    7.3  X  10^-  96  X  10^  = 


Check  your  answers  on  the  next  even-numbered  page.    If  you  missed  less 
than  two,  proceed  to  MASTER  QUIZ  9»    If  you  missed  two  or  more  continue 
reading* 

Addition  and  subtraction  using  powers  of  ten  involve  four  basic  steps. 

(1)  Convert  the  numbers  to  powers  of  ten  if  not  already  in  that 
foim. 

(2)  Convert  the  numbers  to  the  SAME  power  of  ten. 

(3)  Add  or  subtract  the  numerical  coefficients  and  retain  the  same 
power  of  ten  in  the  answer* 
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ANSWERS  TO  SUB  QUIZ  7. 

1.    4  X  10^ 

4. 

5  X  10-4 

2.    5.5  X  10*5 

5. 

9 

3.    3  X  lo2 

6. 

3.3  X  lO"*^ 

ANSWERS  TO  MASTER  QUIZ  8. 

1.    4.15  X  lo5 

4. 

-1.96  X  10-4 

2.    1.5  X  10^ 

5. 

4.998 

3.   8.05  X  10-3 

6. 

6.84  X  10^ 

(4.)    Express  the  answer  with  a  numerical  coefficient  betwen 
1  and  10. 

Steps  one  and  two  way  be  accon^lished  at  the  same  time. 
Example  1.    54000  +  B/JOO 

(1)  and  (2)    Comrert  the  numbers  to  the  SAW  power  of  ten, 

54000  =  5.4  X  10^  =  54  X  10^        8400  =  8.4  x  10^ 

(3)  Add  the  coefficients  while  retaining  the  like  power  of  ten. 
{54  X  10^)  +  {8.4  X  10^)  =  (54  +  8.4)  X  103  =  62.4  x  103 

(4)  Express  answer's  numerical  coefficient  as  a  number  between 
1  and  10.     62.4  x  10^  =  6.24  x  10^ 
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^  Eaimplo  2.     90  X  lO"^  +  AO  x  lO"^ 

(1)  Not  necessary. 

(2)  Express  numbers  with  the  sauLO  power  of  ten. 
90  X  10"^  +  AO  X  10"^  e  90  X  10"^  +  4  X  10"^ 

(3)  Add  the  numerical  coefficients  rotalning  the  like  power  of  ten. 
(90  X  lo"^)  +  (A  X  10"^)  =  (90  +  4)  X  10-4  =  94  X  10"^ 

(4)  Express  the  answer's  numerical  coefficient  as  a  number 
between  1  and  10.    94  x  10"^  =  9.4  x  lO'^ 

To  subtract  numbers  that  contain  powers  of  ten,  the  same  principles 
apply  as  used  in  addition  except  ycru  subtract  the  numerical  coefficients. 
Example  3-    .0125  -  .0036 

(1)    Convert  to  powers  of  ten.    .0125  -  1.25  x  10"^ 

.0036  =  3.6  X  10-3 
^  (2)   Express  the  numbers  with  the  same  power  of  ten. 

1,25  X  10-2  _       X  10-3  X  12,5  X  10-3  _  3,6  x  10*3 

(3)  Subtract  the  numerical  coefficients  retaining  the  like  power 
of  ten,    (12.5  X  10*3)  -  (3.6  x  10-3) 

=  (12.5  -  3.6)  X  10"-^ 
=  8.9  X  10-3 

(4)  Not  necessary. 
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SUB  QUIZ  8.   Add  or  Subtract  using  povors  of  ten  as  Indicatdd. 

1.  3.6  X  10^  +  5.6  X  10-1  ~   

2.  13  X  10"^  -  6  X  10"^  =   

3.  .00043  +  .00273  =   

U.  825,000  -  7990  =   

5.  5  X  10°  -  7  X  10^  =  

6.  A  X  10^  +  3  X  10^  =   

Check  your  ansv^rs  on  the  next  even-numbored  page.    If  you  missed  an 
answer,  review  preceding  paragraphs  bofore  continuing.    If  your  anawrs 
are  correct,  take  MASTER  QUIZ  9. 


MASTER  QUIZ  9-    Express  your  final  answrs  with  the  numerical  coefficients 
bettreen  1  and  10. 

1.  (2x10^)2  =   4.  A  X  10^  =  

2.  (.002)3  =   5.  /lO  X  105  =  

3.  (5xlo5)2  =   6.  A.6  X  10^  =  

Check  your  anavrers  on  the  next  even-numbered  page.    If  you  missed  less 
than  two,  begin  further  study  with  Electronic  Prefixes.  If  you  missed 
two  or  more,  continue  reading. 

To  square  a  number  containing  a  power  of  ten,  first  square  the 
numerical  coefficient  and  then  multiply  the  eacponent  by  2. 
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Exampleo:    (3  x  10^)^  ^  (3)^  x  (10^)^ 3  x  3  x  (10^)^a  9  x  Id^ 

(.006)^'  =  (6  X  10"3)^  =  (6)^  X  (lo'^)^  =  6  X  6  X  (lo"^)^ 
-  36  X  10"^  -  6  X  10"^ 
To  cubo  a  number,  cube  the  numerical  coefflolent  and  then  multiply  the 
eacponent  of  ten  "by  3. 

Exai5^ples:    U  x  10^)^  =  U)^  x  (10^)^  =  64  x  10^  =  6.4  x  10^° 

(200)^  =  (2  X  10^)3      (2)^  X  (10^)3  =  8  X  106 
To  take  the  square  root  of  a  number  with  a  power  of  ten,  first  take  the 
square  root  of  the  numerical  coefficient  and  then  divide  the  exponent  of 
ten  ty  2. 

Examples:   /9  x  10^  -  >^  x         =  3  x  10^^  =  3  x  10^ 

s^OO  X  10^  =  X  =  20  X  10^^^  =  20  X  la'  =  2  X  10^ 

For  your  convenience,  square  root  tables  are  provided  in  the  KEP  110, 
ELECTRONICS  HANDBOOK  beginning  on  page  120. 

Suppose  ym  wanted  to  solve  this  problem:  V^SOxl?  .  One-half 
an  odd-number  exponent  produces  a  ftuctional  exponent  £br  the  power  of 
ten.    Therefore,  to  extract  a  square  root,  the  exponent  mst  be  an  even 
number.    To  convert  to  an  even  exponent,  yuu  move  the  decimal  point  one 
place. 

/25O  X  1<P   =   v^25  X  10^  =         X  \^  =  5  X  10^^  =  5  X  10^ 
Examplest        000049  -  v^9  x  10*6  =  ^Ifi   x  v£o^  =    7  x  lo"^'^^  =  7  x  10"^ 

/ 1000  X  lo''   =  /loo  X  10^  =      10  X  10^  -  1  X  10^ 


>/.31  X  40,000  =  v^Sl  X  10"^xA  X  10*  =  9  X  10"^  X  2  X  102 
-    18  X  10?-     "  1.8  X  102 

y.  000015  =   Vi5  X  10-^  =  3.37  X  10-2 
25 
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AMSWERS  TO  SUB  QUIZ  8. 

1.    3.656  X  10 

4. 

8.1701  X  10^ 

2.  1^2J, 

5. 

-6.5  X  10 

3.    3.16  X  10-3 

6. 

3.004  X  10^  1 

AMSWERS  TO  MASCER  QUIZ  9. 

1.    4  X  10^ 

4. 

2  X  10^ 

2.    8  X  10-9 

5. 

1  X  10^ 

3.    2.5  X  10^^ 

6. 

4 

SUB  QUIZ  9*    Solve  using  powers  of  ten. 

1.  {8  X  10"^)2  =   iV,  yi60  X  103  =  _ 

2.  V^0009    5*    {*X07)2  =  _ 

3.  (500)^=^   6.    (6  X  102)3  x= 


Check  your  answers  on  the  next  even-numbered  page.    If  you  missed  an 
answer,  review  preceding  paragraphs  before  continuing.    If  your  answers 

are  correct,  proceed  to  next  paragra^^.  

EIECTRDNIC  HtEFOBS 
In  your  study  of  powers  of  ten,  you  learned  that  they  simplified 
calculations  and  provided  a  convenient  method  of  expressing  large 
and  small  numbers.    Electronic  technicians  use  certain  powers  of  ten 
so  often  that  special  "names"  and  symbols  are  used  to  represent  them* 
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7he0e  opeolal  nftmoB  and  aymbols  aro  called  proflxos  and  aro 
used  with  standard  uatt0  of  mdamiro*    Shortly  yoa  yUl  be  atudylng 
eleotrlcal  teima  ouch  aa  roalatancei  currenti  and  voltagd*  Thoao 
are  Juat  throe  of  mny  terma  that  refer  to  electrical  v&luea  that 
may  be  found  iJa  clrculta*    these  wluea  all  have  their  own  unlta  of 
maaaure*    For  exEunplei  voltage  la  maaoured  In  voltdi  current  In  ampereai 
and  resistance  In  ohms* 

Sometimaa  these  units  of  measure  will  be  very  large  In  quantity 
or  very  small*    For  inatancei  you  could  vrlte  one  thousand  volts  aa 
1000  volts «   Bren  thla  could  be  shortened  by  using  a  prefijc  and  an 
abbreviation^ 

7he  prefix  for  a  thousand  la  KILO  sjmibollzed  by  k*    7he  letter 
V  represents  volts*   Note  the  follovingi 

1000  volts  =  1  kilovolt  =  1  kV 
As  you  can  seei  1  kV  Is  much  shorter  to  vrlte  than  1000  volts* 

Eiloi  since  it  represents  a  thousandi  is  a  mxy  coimnon  prefix  in 
electronics.    Besides  kilovolts,  you  will  have  Idlohms    of  resistance, 
kilowatts  of  power,  and  kilohertz* 

Other  powers  of  ten  along  with  their  iraii»rlcal  equivalents,  preflaces 
and  STmbols  are  listed  in  table  ,  1*   These  will  help  you  detemine 
conqponent  values  in  circuits  you  will  study  later* 
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ANSWERS  TO  SUB  QUIZ  9. 

1,    6,4  X  10"1 

4. 

4  X  102 

5. 

4.9  X  10"'' 

3.    1.25  X  IC^ 

6. 

2.16  X  10® 

TABLE  1 

NUMBER 

POWER  OF  TEN 

PREFIX 

SYMBOL 

1,000,000,000,000 

10l2 

tera 

T 

1,000,000,000 

lo9 

glga 

G 

1,000,000 

106 

mega. 

M 

1,000 

103 

kilo 

k 

100 

10^ 

hecto 

h 

10 

loi 

deka 

da 

.1 

10-1 

decl 

d 

.01 

10-2 

centl 

c 

.001 

10-3 

nim 

m 

.000001 

10-^ 

micro 

>t  i' 

.000000001 

icr9 

nano 

n 

.000000000001 

10-12 

pico 

P 

Five  of  the  prefixes  in  Table     1  are  more  commonly  used  in 
electi^nics  then  the  othei^and  are  vortby  of  your  study  at  this  tljne. 
These  are  listed  in  Table  2, 
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^  .  TABLE  2 


NUMBER 

POVER  OP  TEM 

PREFIX 

1,000,000 

10° 

M 

1,000 

103 

kilo 

k 

.001 

10-3 

mini 

m 

.000001 

10-^ 

micro 

.000000000001 

10-12 

pi  CO 

P 

Figure  3     shows  how  the  prefixes  appear  when  presented  on  a 
number  line,   llote  that  10°,  or  1,  Is  the  units  place  and  can  represent 
such  measures  as  ohms,  volts,  amperes,  and  wtts.    Moving  left  from  units 
ym  have  positive  exponents,  and  moving  right  frcm  units  you  find  negative 
exponents. 


M  k  units  m  n 
— I  1  1  1  - — »- 


10^   103  10-3    10"^  IQ-^  10"!^ 


FIGURE  3. 


REVIEW  QUIZ.   Enter  the  proper  prefix  and  its  symbol  for  each  power  of 
ten  given. 

1.  10^  =   4.    10-3  =  

2.  V?  =   5.    10"^  =  

3.  10°  =   6.    10-12  =  


Check  your  answers  on  the  next  even-numbered  page, 
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If  you  mloood  any  of  the  anoworo,  review  preceding  paragraphs.  If 
your  anowera  are  correo+<,  take  MASTER  QUIZ  10. 


ANSWERS  TO  REVIEW  QUIZ. 

• 

1.    Mega  -  H 

u. 

mu  -  m 

2.    Kilo  -  k 

5. 

Micro  -  /jL 

3>  Hone 

6. 

pico  -  p 

MASTER  QUI2  10-    Convert  the  following  ira.luefl  as  directed. 

1.  5A  to  >*A  =   150  mW  to  kW  =  

2.  60  kV  to  volts  =   5.    600>6A  to  aA  =  

3.  300  kjl-  to  MJL^   6.    lOOJi.  to  k-n^  -  

Chedc  your  ansvera  on  the  next  even^numbered  page.    If  you  misBed  leaa 
than  two,  take  MASTER  QUIZ  11.    If  you  missed  more  than  two,  continue 
reading.   

How  that  you  know  the  prefixes  you  mat  be  able  to  use  them  in 
practical  appllcationa .    You  should  be  able  to  write  a  numiber  using 
the  proper  prefix,  convert  one  prefix  to  another,  and  write  a  prefix  in 
its  numerical  form. 

To  write  a  number  as  a  prefix  jrou  must  write  the  number  to  the 
necessary  power  of  ten.    The  prefixes  with  their  respective  powers  are 
listed  in  Table     2  of  the  previous  section.    For  example,  1000  -  10^ 
kilo  (k).    Therefore,  1000  volts  =  10^  volts  -  1  kllovolt  =  1  kV. 
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Let^o  work  another  exaBple^    Conrart  lOiOOO^OOOnto  MiV  ; 
1*    M(in0gpi)  ^  10^ 

2^    IOjOOOjOOOjTL  "  10  X  (The  decimal  point  wao  moTOd  6 

place0  to  the  left  0o  the  power  of  ten  Is  +6* ) 
3*    10  X  lO^J^  ^  10  M-a 
This  problem  can  be  0hown  graphically  on  the  number  line* 


^  placing  the  number  on  the  number  line  in  lt0  proper  place  as  dhownj 
ycfU  can  see  the  following; 

10,000,000X1^  -  10  MJX 

10,000,000^  =  10,000  k-TL 


Therefore,  you  can  also  use  the  number  line  in  sclving  these  conversions* 
Kemember,  the  units  position  (10^)  is  the  unit  of  measure  being  used* 
There  13  no  prefix  for  this  power  of  ten* 

The  following  steps  should  be  taken  in  conrartlng  from  numbers 
to  prefixes* 

1*    Ccmvert  the  desired  prefix  to  its  power  of  ten^ 
2*    Move  the  decimal  point  left  (+)  or  right  (-)  the 

necessary  number  of  places* 
3w   Express  the  answer  using  the  prefix  and  the  unit  of 

measure* 


M 


k 


UNITS  in.) 
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ANSWEEIS  TO  MASTER  QUI2  10. 

1.  5,000,000-A 

u. 

.00015  kW 

2.    60,000  V 

5. 

.6  OA. 

3.    .3  MJl- 

6. 

.1  kja. 

Exajnple  1.    Convert  .O^A  to  isA. 

1.  ni(nillli)  =  10-3 

2.  .04A  =  4;  X  10"^  =  40  X  10-3  A 

3.  40  X  10"3  A  =  40  BLl 

UNITS  m 

(a  ) 

bed  - 

lo"  10"^ 


k  UNITS 
(V) 

103  10° 


Example  2.    Convert  5A0V  to  kV 

1.  k  (kilo)  =  la' 

2.  =  .540  X  103  V 

3.  .540  X  la'  T  =  .54W 
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Kxample  3.    Comrert  .00012W  to  /XM 

1.  (micro)  a  10"^ 

2.  .00012W  =  12  X  10"^  W  =  120  X  10*^  W 

3.  120  X  10"^  W  =  120  /^'^ 


UNITS      m  )i 


Nov  that        see  bov  to  convert  a  number  to  a  prefix,  changing 
a  prefix  to  a  number  sbouldn't  be  difficult.    Any  time  you  change  a 
number  with  a  prefix  back  to  units,  you  just  have  to  reverse  your 
process. 

Let's  look  at  the  following  examples. 
Example  1.    Convert  3         to  Si- 

1.  8k ^  =  8  X  103fi„ 

2.  To  convert  this  back  to  units  (jO.)  f  the  decimal  point 
should  be  moved  right  (-)  3  places  to  cancel  the 
positive  exponent. 

8  X  10^  ^  =  8000  -n- 

3.  8  k^  -  8000_fU  k  UNITS 


33 


ERIC 


498 


Examplo  2.    Convert  22  yccA  to  A 

1.  22        =  22  X  10"^  A 

2.  Move  the  decimal  point  left  (+)  6  places  to  cancel  the 
exponent. 

22  X  10"^  A  =  .000022A. 

3.  22'^  A  =  .000022A  ^^^^  ^ 


Example  3-    Convert  .7  MXl-  to 

1.  .7  M  Jl-  =  .7  X  lO^ji^ 

2.  Move  the  decimal  point  right  (-)  6  places  to  cancel  the 
exponent. 

.7  X  10^  Ji-    =  700000  jn- 

3.  .7  M^  =  700,000 JO- 
UNITS 


Remember  irtien  changing  from  a  prefix  to  units,  always  move  the 
decimal  point  the  direction  that  would  be  the  opposite  of  the  povsr 
of  ten  indicated  by  the  prefix.    This  will  cancel  the  prefix  and  the 
result  Is  10^  or  units  position. 
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Another  olttiatlon  encountered  In  prefix  study  is  that  of 
converting  frds^  a  given  prefix  to  another  prefix*    For  Instance*  you 
solve  a  problem  on  resistance  and  obtain  an  ansver  In         ,  but  the 
answer  should  be  expressed  In  k  *0U  * 

Converting  from  one  prefix  to  another  Is  a  simple  problem  If 
you  understand  the  previous  areas  of  study.    The  steps  to  follow  are 
very  similar  to  those  you  Just  studied.    Study  the  following  example: 
Eicample  1.    Convert  .07  M^to  k-H- 

1»    Express  the  prefixes  as  their  powers  of  ten. 
M  =  10^  k  =  103 

2.  Move  the  decimal  point  right  3  places  to  express  the  number 
with  the  new  power  of  ten. 

.07  X  10^  =s  70  X  103 

3.  .07  HJ^'  .07  X  10^    =  70  X  lO^jT^   =  70  kji. 


M  k  UNITS 


After  ccmverting  the  prefi^s  to  their  respective  powers  of  ten, 
the  most  Important  step  Is  to  move  the  decimal  point  In  the  right 
direction.    Again  you  will  use  a  previous  rule  —  moving  the  decimal 
point  left  produces  a  larger  exponent  and  moving  a  decimal  point  right 
produces  a  smaller  exponent. 
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Example  2.     Convert  20  /t^k  to  nA 

1,  10"^      a  =  10"3  20  ^  A  =  20  X  10"^  A 

2,  Since  ffi  (10"3)  I3  THREE  powers  greater  than  x^t^ClO"^), 
the  deoinal  poijtit  should  bo  moved  left  (+)  7HHEEI  places. 

20  X  10-6  ^  -  ,020  3t  10-3  A 

3,  20>i  A  =  20  X  10-6  A  =  ,02  X  10-3  ^  =  ,02  inA 


m 


10-3  10-* 


Example  3.    Convert    ,8  kW  to  mW 

1,  ,8  kW  =  ,8  X  10^  W  k  =  10^  m  =  lO"^ 

2,  ;he  decimal  poijtit  should  be  moved  rlgh'O  (-)  SK  places, 
because  m  (10"-^)  is  SK  powrs  less  than  k  (ICp). 

,8  X  10^  W  =  800,000  X  10-3  w 

3,  ,8  kW  =  ,8  X  10^  W  =  800,000  x  10-3  w  ^  800,000  mW 


urjiTS 
(w) 


bad 

1  01  0 

I— 

HemiKnbQri  a  larger  expoodnt  tells  you  to  move  the  decimal  poijit  left* 
The  declBal  point  is  moved  ri^it  for  a  smaller  expcoient.    The  member 
of  places  of  niovement  is  the  difference  between  the  two  exponenttv 
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SUB  Quiz  10,    Convert  the  following  values  as  directed. 

1,  2  mA  to >tA         5.    625  pP  to>iP  9-    20,000-a-to  MJO- 

2,  1257  to  vflT  6,    3  kJX  to  JT^  10,    *QQU  A  to  yU^A 

3,  250  iiiW  to  W         7,  75  ^A  to  A  11,    370  kW  to  W 
,015  A  to  mA        8.    <32      to  MV  12,    .3  Mxi-  to 

Check  yuur  f^nsvers  on  the  next  even^munbered  p^ge«    If  your  ^nsvers 
are  correcti  begin  reading  the  following. pi^r^gri^ph*    If  you  missed 
ansveri  review  the  preceding  parogr^phs« 
MULTIPLICATION  AND  DIVISION  WITH  PREPHES 

PrefixeSf  since  they  represent  powers  of  ten,  are  used  as  a 
shorthand  method  of  expressing  large  and  small  numbers*  electronicsi 
prefixes  are  used  in  conjunction  with  units  of  measure*    A  review  of 
an  earlier  example  ahould  ahov  this* 

1000  volts  -  1  X  10^  V  =  1  kV 

Values  such  as  1  kV  are  used  along  with  other  values  in  solving 
electronic  formulas*    Of  course,  it  is  necessary  to  know  the  preflxea 
and  their  respective  powers  of  ten  to  do  the  solutions*    In  order  to 
solve  these  formulas  i  you  must  substitute  the  power  of  ten  for  each 
prefix  into  the  fonmilas  and  work  them  as  power  of  ten  problems*  Study 
the  follawtng  example* 
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ANSWERS  TO  SUB  QUIZ  10. 

1.  2000  /tA 

2.  .000125  MT 

3.  .25  W 

4.  15  inA 


5.  .000625 

6.  3000  jn- 

7.  .000075  A 

8.  .00032  m 


9.  .02 

10.  40  >^A 

11.  370,000  W 

12.  300 


E  =  20  V        P  = 


W 


Example  1.    P=IxE  I=2mA 
P  =  2  mA  X  20  V 
=  2  X  10-3  A  X  20  V 
=  (2  X  20)  X  10"3 
=  AO  X  10'^  W  -  AO  mW  or  .04  W 
Reviev  of  multiplication  using  pouera  of  ten  paragraphs  and 
division  using  povers  of  ten  paragraphs  may  prove  helpful. 

MASTER  QUIZ  11.    Solve  the  fomnilaa  for  the  indicated  values . 

1.  I^E/R,  E  =  150V,  R  =  25  ,  I  =   mA  or  A, 

2.  t  =  1/f,  f  =  .5  megahertz  (MHz),  t  =  pa  or  ^ma 

3.  P  =  I%i  I=3fflA,  R=71ia,P  =   niM  or  

4.  X(j  _  .159     ,  f  =  53  hertz  (Hz),  G  =  15  /iP  (uF),  X  =  or 

fC 

5.  E  =  I  X  R,  I  =  10  ;iA,  R  =  425  k^  ,  E  =  ^mV  or  


6,    \   -_V_»  V  =  300  X  10   metera  per  aecond,  f  =  25  kHz, 


k  meters, 


or 


metera. 


Check  your  ansvera  on  the  next  even-numbered  page.    If  you  missed  leaa 
than  two,  proceed  to  paragraph  ccrverlng  EQUATIONS.    If  you  miaaed  two  or 
more,  continue  reading. 
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Solvo  the  following  problems  of  the  prevloua  quie  to  show  the 
steps  necessary  to  complete  them. 

Problem  1.    I  =  E/R,  £  =  150  V,  R  =  25        ,  I  =*  mA  or  A. 

25  kfl.  25  X  ICH 

-  ISO 

~  25  X  103 

„  150  X  1Q"3 
"  25 

-  6  X  10'^  A  «  6  mA  or  .006  A 

Problem  3.    P  =      R,  l  =  3  mA,   R  =  7  k-H- ,  P  =  ^mW  or  

P  =  (3  mA)2  X  7  TcSi.  =  (3x10-3)2  x  7  x  10^ 

=  3^  X  (10-3)2  X  7  X  103 

=  9  X  10-6  X  7  X  10^ 

=  (9  X  7)  X  10-6  +  3 

=  63  X  10"3  =  63  mW  or  .O63W 
Problem  4.  '^W~*  ^  "  53  Hz,  C  =  15  /iF,  Xq  =  k A  or  -fl-. 

Ip  s:  022   -  159  X  10-3        (Changed  .159  to  159  x  lO'^) 

53  X  15  X  10-6  "  53  X  15  X  10-6 

_  159  X  10-3 
~  795  X  10-6 

-  159  X  10-3  jc  106 

795 

.2  X  10-3  +6 
=  .2  X  103  =.2  k^  or  200^  . 
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ANSWERS  TO  MASTER  QlTIZ  11. 

1.    6  mK,  .006a 

4. 

.2        »  200^ 

2.    2  ;iS)  .002  ms 

5. 

jV250  mV,  4.25  V 

3.    63  nW,  .063  W 

6. 

12  k  meterBf  12*000  meters 

Problem  6.   v  _  X  »  V  =  300  x  10  meters/second*  f  =  25  kHz,  A  =   k  meters 

"  f 

or        ,  meters 

_    3Q0  X  10^  meters/aeoond  -  300  x  IC^ 
"  25  kHz  "  25  X  10^ 

_  300  X  10^  X  10"3 
25 

=  12  X  10^  +  (-3) 

=  12  X  10^  =  12  k  meters  or  12000 

meters. 

Solving  electrical  fonnulas  uses  your  knowledge  of  operations  with 
powers  of  ten  and  common  prefixes  used  with  units  of  measure.    An  adequate 
imderstanding  of  both  areas  are  necessary  in  becoming  a  technician. 

SUB  QUIZ  11.    Solve  the  formulas  for  the  indicated  values- 

1.  X  =  6.28  fL,  f  =  10  kHz,  If  4  mH  =  ^  or  kjo.. 

L 

2.  P  =  eVr*  E  =:  15  kV,  R  =  10  HSL,  P  =  W  or  B&t 

3.  R  =  /z^  -       ,  Z  =  .01         ,  X  =  ,  R  =  ^     or  k^  . 

4.  R  =  E/l,  E=96v,  I  =  8mA,  R  =  k^  or  . 

5.  I  =  /p/^,    P  =  400  mW,  R  -  100  k-TL ,    I  =  mA  or  A* 

6.  f  =  .159     ,    C  -  10  pF,    X(j  =  159  k^ ,    f  =  ^MHz  or  kHz. 

C  X 

Check  your  answers  on  the  next  even-numbered  page. 
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l£  you  miaood  an  anever,  review  prevlouB  paragrApho.    I£  your 
answers  are  correoti  you  are  ready  to  study  equatlone  bo  continue 
reading. 

EQUATIONS 

In  order  to  solve  eleotronlce  problems  you  must  be  able  to  use 

fonmlas  and  solve  equations.    An  equation  Is  a  mathetaatlcal  statement 

that  two  quantities  are  eq:uAl.    6+5-8  +  3  la  an  equation  because 

the  quantity  on  the  left  side  of  the  equal  sign  is  equal  to  the 

quantity  on  the  right  side* 

An  equation  Is  a  preclslon-balanced  scale*    It  Is  balanced 
* 

when  70a  begin  working  \jith  It,  and  you  must  maintain  that  balance 
when  solvlng  vthe  equation*    Vhen  solving  equations  you^can  add,  subtract 
nniltlpl^i  divide,  raise  to  powers,  and  extract  roots  —  as  long  as  you 
perfom  the  same  operation  to  both  aides  of  the  equatlonl 

To  solve  equations,  we  use  certain  rules  and  facts  that  are 
always  true.    These  rules  must  be  applied  to  both  sides  of  the 
equation  to  keep  the  two  sides  equal.    The  rules  are: 

1*    You  can  add  the  same  number  to  both  sides. 

2.    You  can  subtract  the  same  number  from  both  sides. 

3-    You  can  multiply  both  sides  by  the  some  number. 

4..    You  can  divide  both  sides  by  the  same  number. 

5>    Two  terms  eq[ual  to  a  third  term  are  equal  to  each  other. 

6.    You  can  raise  both  sides  to  the  same  power. 

7*   You  can  take  the  same  root  of  both  sides* 


506 


AMSWEHS  TO  SUB  QUIZ  11. 

1.  251.2-0.  ,    .2512  kJru  4.  12  ,  12,000-£U 

2.  22.5  U|     22,500  mU  5.  2  nA,  .002A 

3.  6-a  ,     .006  k-fL  6.  .IMHz,  100  kHz 


Equations  are  uerually  solved  by  transpoaltlon  using  the  rules 
stated  above.    Transposition  is  the  operation  of  rearranging  an  equation 
to  leave  the  letter  representing  the  unkno^m  value  on  one  side  of  the 
equal  sign  and  all  other  terms  on  the  other  side  of  the  equal  sign. 
In  other  vordsi  ter&is  nust  be  moved  from  one  side  of  the  equation  to 
the  other  In  03rder  to  isolate  the  unknown  value. 


MASTER  Quiz  12.    Solve  for  the  unknowi  value. 

1.  X  +  10  "  13  4.    6X  +  10  "  lOX  -  10 

2.  3X  -  12  -  24  5.  ^JL,  =  27 

3.  73C  -  X  =  49  -  X  6.   -8X  +  40  =  -2X  -  10 

Check  your  answers  on  the  next  even-numbered  page.    If  you  missed  less 
than  two,  proceed  to  MASTER  QUIZ  13.    If  you  missed  tvo  or  more,  continue 
reading. 

As  ws  stated  earlier,  rules  Q^re  used  to  solve  equations.  Let's 
look  at  an  application  of  each  of  the  above  rules  to  understand  their 
usage. 

1.    Add  the  same  number  to  both  sides. 

X  ^  5  =  12  ^  adding  the  saiue  number  (5)  to  both 

X*5+5s:l2+5  sides,  we  isolate  the  unknown  (X). 

I  «  17 
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2w    Subtract  the  same  number  from  both  sidedf 

Z  4<  10  =  12  ^  oubtraotlng  the  damo  humber  (10) 

Z  +  10  -  10  =  12  -  Iti     from  both  sides,  the  unkno^m  (  Z) 

Z  =  2  is  isolated. 

3.    Multiply  both  sides  by  the  same  number* 

X  ^  -1^  Here  both  sides  of  the  equation  vero  multiplied 

bgr  ^    in  order  to  isoJ^te  the 

^       trnknowi  value  (X)* 

I  =  60 

Divide  both  sides  by  the  same  number. 

5X  =  85  Both  sides  of  the  equation  were  divided  by  the 

^  _  85  same  number  (5)  to  find  the  unknown  value  (X). 

5  "  5 

X  17 

5*    Teims  equal  to  a  third  term  are  equal  to  each  other* 
y  =  M  and  X  =  M 

therefore  X  =  I  because  X  and  Y  are  both  equal  to  M* 
6,    Raising  both  sides  to  the  same  poveri 

s/M  =  3  ^  squaring  both  sides  of  the  equatloni  the 

(/m)^  "  3^     radical  (square  root  sign)  is  removed  from  the 
M  =  9  unknown  and  the  equation  is  solved* 

7*    Taking  the  same  root  of  both  sides* 

X^-  36 

By  taking  the  square  root  of  both  sides,  the 
^  =  1/36  value  of  X  is  found. 

X  =  6  • 
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ANSUEHS  TO  MASTER  QUIZ  L2» 

1.    X  =  8 

4. 

X  =: 

5 

2.    X  =  12 

5. 

X  = 

36 

3.    X  =:  7 

6. 

X  = 

8.3 

You  should  notice  In  the  above  rules  that  both  sides  of  the 
equation  were  treated  the  same*    Retttdmber^  an  equation  is  a  balanced 
scale*    In  order  to  keep  it  balanced  ^  the  sams  operation  must  be 
performed  on  both  sides  of  the  equal  sign* 

Study  the  following  examples 
Example  1*    X  -  10  -  15         Solve  for  X* 
X  -  10  +  10  =  15  +  10 

X  =  25 

In  order  to  solve  this  equation^  you  must  isolate  the  nnknoyn  value 
(X)  on  one  side  of  the  equal  sign*    This  Involves  adding  10  to  both  sides 
of  the  equation*    In  other  words,  the  10  is  moved  by  performing  the 
Inverse  operation  on  it* 

In  terms  of  inverse  operations,  addition  and  subtraction  are 
inverse  operations,  and  squaring  and  square  rooting  are  inverse  operations ^ 

Example  2*    2  +     -  6         Solve  for  Z* 

U  '  U        '  U       (Rule  2) 
Z-  2 

Solve  for  X, 


Example  3* 


i  =  3 


X  =  21 


(Rile  3) 


Example  4.    9X  =  108 

9X  -  108 
9  9 


Solve  for  X. 
(Rule  4) 


X  =  12 
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Example  5.    U  =  X  +  7  Solve  for  X. 

7  =  X 

EMunple  6.    Y  +  3  =  2  Solve  for  Y. 

Y  +  3-  3=   2-3     (Rale  2) 

Y  =  -l 

Every  equation  can  be  checked  ty  subetltuting  the  value  of  the 
unlmovn  Into  the  orlgjjial  equation.   Note  the  following  example. 

Example. 7.  ^' 
12 

12 

X  -  72  6  =  6'' 

Up  to  thle  point  the  equations  have  been  solved  In  ^ust  one 
step.    Of  course,  this  will  not  aluaye  be  the  caee.    But,  any 
equation  can  be  eolved  uelng  the  rules  for  each  step  In  the  eolutlon. 
Example  8.    13X  -  8  =  11  -  6X  Solve  for  X. 

13X  -8  +  6X  =  11  -  6X  +  6X  (Rule  l) 

193C  -8  =  11  Check:    13X  -8  =  11  -  6X 
193C-8  +  8  =  ll+8    (Rule  l)  13(1)  -  8  =  11  -  6(l) 

193C  =   19  13  -  8  =  11  -  6 


4f  =  ^     (Rule  4) 
X   =  1 


5  «  5 
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For  problezos  Involtrlng  more  tban  one  otepi  do  the  otepo  In  the 
follovini;  order: 

1.    Combine  any  teime  that  have  the  same  unlto  or  unknovna. 

Z.    Uoe  your  rules  to  put  all  terms  with  the  unknown  on  one  aide* 


3*    Uoe  the  rules  to  put  all  tertna  without  the  unknown  on  the 
other  aide. 

Combine  tems  that  have  the  sane  units  or  unknowns. 
5.    ITae  your  rulea  to  cooqjlete  the  problem. 
Example  9.    7X-3+4=3X+9+l5  Solve  for  X. 


7X  -  4.  =  3X  +  24.   {Combine  like  teime.) 
7X-4-3X=3X+  (Hole  Z) 

41  -  4  =  24.  Check:  7X-3+4=3X+9+15 

7{7)  -  3  +  4  =  3(7)  +  9+15 


49  -  3  +  4  =  21  +  9  +  15 
45  =  45 


a-4+4=a4+4      {Rule  1) 

a  =  28 

^  =  28        (Rule  4) 
4  4 

X  -  7 

Example  10.    ^  =  14   Solve  for  X 

10  Check:   ^  s  I4 

^  X  iQ  =  U  X  10       {Rule  3) 

10       1  "T  7(20)  _  14 

10  " 

7X  -  140 

S  =  1^        (Rule  4)  ^  =  ^ 

X  =  20  U  -  U 


511 


By  the  application  of  the  rules  of  tranaposition»  the  solution  of 
equations  becomss  a  series  of  easy  steps.    Remember^  once  you  have 
solved  for  the  unknown^  you  can  also  check  yourself  substituting 
your  ansver  for  the  unknown  In  the  original  problem. 


SUB  QOIZ  12.    Solve  for  the  unknown  value. 

1.  3X  -  6  =  9  4.        -  3  =  97 

2.  ^  +  3  =  15  5.    a  -  8  =  2X  +  10 

7 

3.  5X-4+2X=2X-4-  20        6.    -2X +  9+1-4  =  -3X+  19 


Check  your  ansi^ers  on  the  next  evsn-nimbered  page.    If  you  missed  an 
answer  review  preceding  paragraphs.    If  your  answers  are  correct^  take 
M/ISTER  QUIZ  13. 

MfLSTER  QUIZ  13.    Solve  for  unknown  value. 

l'-^+6=^  4.  2x2-7=X^+9 

3  4 

5.  5fX  +6^     =  /,n 

2.  X.X^T  7 
5     10  7 

3.  6  (X  -  7)  =  30  6.  4X  -  3(X-7)  =  21 

Check  your  answers  on  the  next  even-numbered  page.    If  you  misses  less 
than  twOf  take  MA.STER  QUIZ  H*    If  you  missed  two  or  more  continue 
reading. 

When  working  electronic  equations,  you  may  run  Into  problems  that 

contain  mai:y  groups  of  fractions  such  as  this  onei   ^  -  J  —  Y  -  1 

3      2  3 

There  are  a  few  general  rules  to  solving  all  equations}  and  one  of  them 
is  that  to  simpliiy  equations,  all  fractions  must  be  cleared. 
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AMSWERS  TO  SUB  QUIZ  12. 

A  — '  lU 

V  "  Q 

A  -  9 

3.    I  4 

A 

A  -  13 

AMSWEES  TO  MASTER  QUIZ  13. 

1.  X=7.9 

4. 

X  =  4- 

2.    X  =^  -2.25 

5. 

X  =  50 

3.    X  =  12 

6. 

X  =  0 

To  clear  fractions,  you  nuist  imiltiply  every  term  by  the  ijOWEST 

COMMON  DENOMINATOR.    The  LCD  is  a  number  thet  all  of  the  divisors 

can  divide  into  evenly.    By  multiplying  by  the  LCD,  all  denominators  are 

cancelled)  therefore,  there  are  no  fractions  left  in  the  equation. 

Observe,  once  more,  the  previous  equation  given:.  -2=^-1-. 

3      2  3 

The  denominators  in  the  three  fractions  are  3f  '^t        3  again.    In  order 

to  clear  fractions  here,  6  would  be  the  LCD  because  every  denominator 

divides  evenly  into  6.    Let's  follow  the  solution  below: 

(6)^  -  (6)3^  (6)Y  .  (6)1      (Multiply  by  6) 
3  2  3 

2(41)  -  3(3)  =  2Y  -  6  (Divide  each  denominator  Into  6) 

8Y  -  9  =  2Y  -  6 

8Y  -  2Y  -  9  -  -6  (Rule  2) 

8Y  -  2Y  =  -6  +  9  (Rule  1) 
6Y  =  3 

Y  =  .  5  (Rule  4) 
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Example  2.    ZX    .6  a  J 
3  U 


(12)2X    -  (12)6  =,  fl2^3 

3  4 

4(2X)  -  72  =  3(3) 
3X  -  72  =  9 


(Hiltlply  ty  12  —  the  LCD) 


31  =  9  +  72  (Rule  l) 

3X  =  31 

X  =  10.125     (Rule  U) 

Ebtaople  3.    AX  .3  _  X  -  7_ 

5  3  15 

5       ^  3  15 

3(a)  -  45  =  5K  -  7 
12X  -  45  =  5X  -  7 
12  X  -  5X  -  45  =  -7  (Rile  2) 

7X  -  45  =  -7 
7X  =  -7  +  45    (Rule  l) 
71  =  38 

X  =  5.375  (Rule  4) 


Example  4-        +  1  -  7Y  -  1 
21      2  5Z 


fiog)5  +  fiOY)i  a  fiorU7y-i) 

21  2  51 

5(5)  +  51(1)  =  2(7Z-1) 
25  +  5Z  =  141  -  2 
25  =  142  -  51  -  2        (Rule  2) 

25  =  91  -  2 

49 


(Multiply  by  15  —  the  LCD) 


(Multiply  by  lOT  — The  LCD) 
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Example  U  (Cont'd)  25  +  2  =  9^  (Rule  1) 

27  =^  91 

3  =  Y         (Rule  U) 
In  the  above  example,  the  unknovn  (1)  vas  part  of  the  denondnator, 
and  30  It  must  also  be  part  of  the  LCD.    Sijica  2  and  5  both  divide  Into 
10  evenly,  101  la  the  LCD.    Every  term  was  imiltlplied  by  lOY. 

Refer  to  Example  U  again*    In  the  second  step  of  that  solution 
you  will  see  thlst    2(71-^1)*    Another  Important  aid  to  solving  eqiiatlons 
la  to  get  rid  of  parenthesis  Immadiately.    7hls  Is  acccmpllshed  easily 
by  multiplying  each  term  Inside  the  parenthesis  by  the  value  outside  the 
parenthesis.    In  this  example,  71  Is  multiplied  by  2  and  *1  Is  multiplied 
by  2.    Therefore,  2(71-1)  ^  2(71)  +  2(-l)  =  Lff  -  2. 

Example  $  also  shows  the  solution  of  a  problem  were  the  unknown  Is 
in  the  denominator* 

Example  5.    5  "  1  _  =  n 
t  3X 

f6X)5    -  (6X)1     (6X)0    (LCD  Is  6X) 
6  3X 

5X  -  2  =  0 

5X  =^  2  (Rule  1) 

X  =  .iV  (Rule  U) 

Again  note  that  the  unknown  (X)  Is  part  of  the  denominator. 
Therefore,  since  3  and  6  divide  into  6  evenly,  the  LCD  Is  6X.  IMPORTAHT* 
Every  term  of  the  equation  must  be  multiplied  by  the  LCD  In  order  to  keep 
the  equation  balanced. 
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Example  6.    3(4rX)  -  2(X-6)  s  0 

3(4)  +  3(-X)  -  2(X)  +  (-2)(-6)  =  0 
12-3X-2X+12  =  0 
12  -  5X  +  12  =:  0 
2i^,  -  5X  0 

4.8  =  X 

Example  7.  3(1^  +  5)  =  2(X^  +  20) 

3(1^)  +  3(5)  =.2(l2)  +  2(20) 
3X^  +  15  =       +  40 
3X2  -  2X^  =  40  -  15  2) 
X^  =  25 

I  =  5  (Rile  7) 

Example  8.    8(X-2)  -  i6 
3 

8(1-2)=  16(3)        (ttatlply  both  sides  by  3  —  the  LCD) 

8(1)  +  8(-2)  =  48 

81  -  16  =  48 

81  =  48  +  16     (Rale  l) 

81  =  64 

1-8  (Rale  4) 

As  yua  can  ImagiJie,  equations  can  get  to  be  pretty  difficult  to 
solve  -  especially  when  the  solution  involves  mai^  steps.    A  good 
step  approach  to  equation  solving  can  be  sijunmarized  as  follows: 

Step  1.    Clear  fractions  (if  there  €ure  any)  by  multiplying  each 
teim  by  the  LCD. 
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step  2.    Get  rid  of  parentheala  by  aniltlplylng  each  term  Inside 
tho  parenthesis  \yy  the  value  outside  the  parenthesis. 

Step  3.  Use  the  seven  ralas  as  presented  earlier  to  complete  the 
solution  for  the  unknoun  value. 

If  ycfu  follow  this  procedure,  solving  equatione  will  be  much  easier. 


SUB  QUIZ  13.    Solve  for  the  unknown  value. 

1.    2(2X-3)  +  6  =  4(X+1)  +  2X  4.    5fx+7)   -  10 

6  3 

^82  5.    3  (4^2X)  -  2  (X-6)  =  0 

3.    X2  +       2(x2  -  5)  6.    L  2 

^  -  ^  ^  2 
31  5 


an 


Check  your  ansvsrs  on  the  next  even-numbered  page.    If  you  missed 
answer,  review  preceding  paragraphs.    If  your  answers  are  correct,  take 
MASTER  QUIZ  U. 


MASTER  QUIZ  K.    Rearrange  the  following  fonmilas  for  the  quantity 
requested. 

1.  X^=2  7rfL        Solve  for  f.  1  ^  %        Solve  for  E. 

2.  Xq  =  .159  Solve  for  f .   

^  5.   Z  =  JvFVt-     Solve  for  R. 


3.    P=A  Solve  for  I. 


6.  A  -    C  Solve  for  A. 

B~  D 


Check  your  answers  on  the  next  even-nuntbered  page.    Xf  you  missed  less 
than  two,  begin  reading  with  first  paragraph  after  SOB  QOIZ  K.    If  you 
missed  tw  or  moref  continue  reading. 
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Your  wrk  in  eleotronloa  vill  Involve  Auuiy  fommlas  that  oontaln 
moro  than  ono  unknown  quantity.    You  must  be  able  to  rearrange  theae 
fonmilao  to  find  any  quantity  In  teima  of  other  quantities  Involved. 
7hls  type  of  equation  Is  called  a  LITERAL  EQTTATIOl}. 

7he  number  of  possible  arrangementa  of  a  formula  Is  equal  to  the 
number  of  unknown  quantities  In  that  formula*    therefore!  if  there  are 
four  unknowns  in  a  fonmila,  that  formula  can  be  written  four  different 
ways.    For  example i  the  formula      ~  2  it  fL  has  a  total  of  three 
unknowns*    Besides  being  written  in  terms  of  Z^f  the  fonmila  can  also 
be  written  in  terms  of  f  or  L* 

In  the  unknown  quantity  Zj^  the  L  Is  below  the  line  and  Is  called 
a  subscript.    A  subscript  Is  used  to  more  narrowly  define  the  unknown 
quantity*    For  Instance  i  in  Zj^  the  X  means  reactance  and  the  L  means 
Inductance  I  so      Is  Inductive  reactance*    7he  quantity  means 
capacltlve  reactance  as  X  meanr  reactance  and  C  means  capacitance* 

In  order  to  solve  a  literal  equation  you  use  the  same  rules  as 
for  the  previous  eq:iations*    Remember  that  the  letters  stand  for  numbers 
and  are  treated  just  like  any  other  numbeira* 

7he  two  most  important  things  to  remember  are  as  follows: 

1*    Whatever  process  you  apply  to  one  side  of  an  equation  must 
also  be  applied  to  the  other  side* 

2*    Apply  whatever  rule  Is  mces&eLry  to  Isolate  the  letter  desired 
on  one  side  of  the  equation* 
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ANSWERS  TO  SUB  QUIZ  13 

1.    X  =  =2 

4. 

X  = 

-3 

2.    X  =  4.1 

5. 

X  - 

3 

3.   X  =  4 

6. 

X  - 

5.6 

AMSWERS  TO  mSTER  QUIZ  U 

1.  f  =  -i   4.   E  =  m 

2  'FT  L 

2.  f  a   ji52  5.    R  =    /z^  - 

XcC 


A  4  -  BG 
6.  A-^ 


Given  the  formla  I  -  |   let's  rearrange  the  terms  to  solve  for  E. 
Example  1.    ^  ~  f     Solve  for  £, 

(R)I=  (Rule  3.    Multiply  both  aides  l:y  R) 

RI  =  E 

Now  this  equation  can  be  used  to  find  £  when  numerical  values  are  given 
for  I  and  R.    The  values  are  substituted  into  the  equation  in  the  proper 
place  and  solved.    Now  solve  the  saute  equation  for  R. 
Exaiiple  2.    I  =  ^     Solve  for  R. 

(R)I  =  -^|^     (Rule  3) 
RI=  E 

RI  _   E  (Rule  4) 

I~  ^ 
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HQiQiOinbdr  that  f^otlona  ahould  be  elljnlnated  as  soon  ao  pOBslble  when 

solving  equations.    Isolating  R  took  two  atapa  aa  you  can  aae.  Firat 

firaiotlona  were  eliminated  by  multlplicatlonj  then  divlalon  waa  uaed  . 

to  move  the  I  to  the  right  aide  of  the  equation. 

7he  fomila  just  solved^  I  ^  E  ^  Is  not  only  the  aliapleat  fomila 

R 

used  In  electronics;  but  It  Is  also  the  most  commonly  uaed.  Uhen 
given  any  tvo  of  the  three  quantities,  you  can  eaally  aolve  for  the 
third. 

7hia  fonmila  can  alao  be  converted  froai  one  fom  to  another  by 

what  la  called  the  ^^rule  of  thumb"  method.    Look  at  figure    U  below. 

If  3rou  put  your  thumb  over  the  unknown  quantll^i  the  mathematical 

proceaa  to  follow  Is  clearly  Indicated.    For  examplei  If  jrou  want  to 

solve  the  equation  In  tenns  of  £,  cover  the  £  with  your  thumb,  thus 

the  mathematical  proceaa  for  finding  £  la  I  x  R.    Covering  I  \^ld 

produce  the  process  E  •    If  R  la  'ttie  unknowui  cover  the  R  and  you  get  E 

R    I 


REP  4-326 
Figure  U« 

7he  "rule  of  thumb"  method  la  the  quickest  way  to  aolve  thla 
particular  equatloui  and  may  be  uaed  In  your  problems.    Howeveri  you 
should  be  able  to  follow  the  method  of  solving  equations  using  the 
rules . 
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Another  frequently  used  fonnula  In  electronics  is  P  =  EI.  As 
you  may  already  ouspect,  the  rule  of  thumb  method  can  also  be  used 
with  this  equation  as  shovn  in  Figure    5*    Cover  one  of  the  unknowns 
with  your  thumb  and  the  mathematical  process  to  use  to  find  that 
unknown  will  be  indicated. 
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Figure  5» 

E 

Of  course,  I  =  ^  and  P  =  EI  are  simple  formulas  ccmjared  to  a  few 

ycru  may  encounter  in  later  studies.    But  no  matter  how  complex  the 

formulas  may  appear,  they  can  all  be  converted  frcm  one  unknown  to 

another  by  means  of  the  seven  rules  previcrusly  presented.    Study  the 

following  esQQJi^les  and  note  the  rules  used. 

Example  3.    It  -  Solve  for  f. 

.159 

{.159)X,  =  (.159)fL       {Rule  3) 
^  .159 

.159Xl  =  ^ 

_  (Rule  ^) 

L  L 

•159X^     =  f 
L 
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Example 


4*   ^  "   '^'^^     '  ^^^^ 

d^F  _  QiQg 


(Hule  4) 


Solve  for  Ej^. 
(Rule  6) 


Example  5.    5a     /Ej^2  +  Eq^ 

Ea^  =  (y%l^  +  EcV 
E^2  =  Ej^2  +  EqZ 

Ea^  -  Ec^  -  Er2  +        -  Eq^      (Rule  2) 
Eg^2  -  Ec^  =  Er2 
yE^2  -  Ec2  = 


(Bale  7) 


/e^2  -  Ec2  =  Er 


Example  6.   2e  =:  SL 


Solve  for  Eg. 


_EaJ£  =Ep 


SECOND  METHOD: 

Hp     Eg    =  Ep 


(Mg)Efl  Hp  ^  (jj^jjjp     (Bole  3) 


Eg  Hp  =  Ng  Ep 
Hp      "  Hp 


(Rule  4) 
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in  Eyample  6  a  aecond  method  called  CROSS  MOLTIPLICATION  waa 
shovn  In  solving  for  the  unknovn.    Croas  Hilt Ipli cation  la  the 
multiplying  of  the  numerator  on  one  side  of  the  equal  aign  the 
denominator  on  the  other  side  of  the  equal  sign.    This  is  indicated 

the  arrows  in  the  problem.    Two  ratios  can  be  easily  solved  using 
this  method.  Croas  multiplication  gets  rid  of  fractions  quickly. 

SUB  QUIZ  14.    Rearrange  the  follo%dng  fonmilas  for  the  unknovn  aa 
specified. 

1.    P  =  Solve  for  E.  4.  -is  =  ^     Solve  for  In- 

M]^  X  M2 

2-    ^  =    2°^^        ^'  5.    C  Solve  for  A 

2'        =  Solve  for  C.  6.    X  =  /PTr2    goive  for  Z. 

Check  your  ansvers  on  the  next  even-numbered  page.    If  you  missed  an 
answer*  review  preceding  paragraphs.    If  your  answers  are  correct, 
continue  reading. 

In  direct  current  circuits,  the  electronic  technician  is  concerned 
with  three  values;    voltage,  current,  and  resistance.    Earlier  you 
worked  with  the  formla  I  =  1  at  which  time  it  was  stated  that  this 
was  the  basic  fonmila  in  electricity. 

George  S>  Ohm,  a  German  scientist,  developed  this  fonmila  emd  so 
it  was  appropriately  entitled  Ohm's  Law.    He  stated;    "The  current  in 
a  circuit  is  directly  proportioned  to  the  applied  voltage  and  Inversely 
proportional  to  the  resistance."    Hence  I  =  S  and; 
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E  =  Voltage         mfiaoured  In  volts  (V). 
I  -  Current         measured  In  amperes  (A). 
R  =  Reslfltance  *  measured  in  ohms  (TL)* 
If  you  know  any  two  of  the  valuefli  you  can  aliraye  compute  the 
third.    You  can  coovert  I  -  ^  Into  formulas  for  E  and  R  using  ^rulee  or 
you  can  use  the"rule  of        thumb"  diflcuBeed  in  preceding  paraigraph. 

Now  let's  gee  how  Ohm*s  Law  is  applied  to  a  aliaple  electrical 
circuit.    Assume  the  circuit  showi  in  Figure  6    is  a  railroad  lantern- 
It  consists  of  a  6  volt  battery,  a  switch,  and  a  lamp  with  a  resistance 
of  2  ohms-    The  problem  is  to  find  the  current  when  the  switch  is  closed. 

o- 


Figuro  6* 
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According  to  Ohm's  Law,  current  (l)  is  equal  to  voltage  (E) 

divided       resistance  (R)  or  I  =  ^  ; 

T     E       *       *  volts                  /  £i 
I  =  I  or  Amps  -  oHET  (  =  ■ 

Let'o  aoaume  that  in  the  above  circuit,  that  the  reolstance  of 
the  lamp  is  5^    and  that  the  current  is  2A.    The  value  you  don't 
know  is  voltage  (E).    The  formula  for  voltage  is  E  =  I  x  R. 

E  =  I  X  R  or  -rolts  =  Amps  x  Ohms 

E  =  2a  X  5^ 

E  =  lOV 
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ANSWE21S  TO  SUB  QUIZ  14 

1.    E  =  v/fR 

4. 

a.  d= 

5. 

A  - 

dC 

r 

3  C- 

6. 

2  - 

/r2  + 

Let's  go  one  step  further  and  aoaume  the  battery's  voltage  Is  12V 

and  the  current  la  3A  In  the  circuit*    Then  the  formula  for  finding  the 

E 

unkno™  value  of  resistance  is  R  = 

E        t.     ^  volts 
R  =     or  ohms  =  


Amps 


R  = 


12V 


3A 
R  =  iVru 

Therefore,  the  three  fonna  of  Ohm's  Law  ares 

_  E 
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Resistance:    R  =  |  ^be  ansver  is  expressed  In  ohms, 
p 

Current:    I     ^   the  ansver  is  expressed  in  amperes* 
R 

Voltage:    E  -  IH  the  answer  is  expressed  in  volts* 

Bach  of  these  comes  ftom  the  "Rule  of  Thumb"* 
As  a  technician,  not  only  must  you  be  able  to  solve  Ohm' a  Lav  but 
you  should  also  be  able  to  state  the  effects  vhen  one  or  tvo  values 
change «    For  example,  vhen  voltage  la  increased  In  a  circuit  and  the 
resistance  is  held  constant,  bov  will  the  current  change?    The  correct 

ansver  is  that  current  vlll  increase. 

You  oould  look  at  the  formula  I  -  ^  a^  ^^e  that  if  R  is  constant 
and  E  increases,  then  I  vould  have  to  increase*    Tbua  more  current  is 
a  result  of  more  voltage*    This  is  because  current  and  voltage  are 
directly  proportional  ~  an  increase  in  one  means  an  increase  In  the 
other  and  a  decrease  in  one  means  a  decrease  in  the  other,  providing 
resistance  stays  constant* 
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If  voltage  Is  kept  constant  and  resistance  decreasos^  then  current 
would  incroaee  again*    By  looking  at  the  formula  I  *  ft  you  ehould  be 
able  to  see  this*    Therefore^  cuirent  and  resistance  are  Inversely 
proportional  —  they  react  oppositely  to  each  other  when  voltage 
remains  constant* 


SUB  QUIZ  15*  Solve: 

1*    R  =  IQSL  f  £  =  50Vf  I  =        _  4*    E  decreases,  R  constant,  I  _ 

2*    E  =  lOOV,  I  "  lOA,  R  =   5*    E  doubles,  R  doubles,  I  , 

3*    R  =  20  k^  f  I  =  3Jnkf  E  =   6*    R  increases,  E  constant,  I  _ 

Check  your  answers  on  the  next  even*numbered  page*    If  you  missed 

answer,  review  preceding  paragraphs*  If  ycur  answers  are  correct,  ycru 
have  completed  this  program* 


YOU  MAT  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK* 
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ANSWERS  TO  SUB  OUTZ  15. 

1.    I  =  5A 

4. 

decreases 

2.    R  -  10  JT^ 

5. 

remains  constant 

3.    60  V 

6. 

decreases 
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OVERVIEW 

DIRECT  CURRENT  AND  VOLTAGE 

U  5COP£«  All  of  the  eif«etfl  of  electricity  can  be  explained  by  assuming  the  exlstanco  of  a 
tiny  particle  called  the  electron.  To  direct  and  confine  electrons  requires  the  use  of  conductors 
and  Insulators.  To  fUrnlsh  electrons  requires  the  use  of  common  sources  of  electromotive 
force.  tUlB  module  starts  with  the  atomandflnlshes  with  electron  flow  and  electrical  pressure. 

2.  OBJECTIVES:  Upon  completion  of  this  module  you  should  be  able  to  satisfy  the  following 
objectives; 

a.    From  a  group  of  statements^  select  the  ones  which  describe  a  conductor  and  an 
Insulator. 

bi    From  a  group  of  statements^  select  the  one  that  describes  the  movement  of  free 
electrons  within  a  conductor. 

c.  From  a  group  ot  terms  and  symbols^  select  those  which  name  the  unit  of  measure- 
ment and  symbol  for  electron  flow. 

d.  From  a  group  of  statements^  select  the  one  which  describes  the  pressure  that  causes 
the  movement  of  free  electrons  within  a  cotuductor. 

e.  From  a  group  of  terms  and  symbols,  select  those  which  name  the  unit  of  measure-* 
ment  and  the  symbol  for  Electromotive  Force. 

L    From  a  group  of  statements^  select  five  that  describe  common  sources  of  Electnn 
motive  Force« 

AT  THIS  POINT,  YOU  MAY  TAKE  THE  MODULE  SELF-CHECK. 


IF  YOU  DECIDE  NOT  TO  TAKE  THE  MODULE  SELF-CHECK,  TURN  TO  THE  NEXT 
PAGE  AND  PREVIEW  THE  LIST  OF  RESOURCES-  DO  NOT  HESITATE  TO  CONSULT 
YOUR  INSTRUCTOR  IF  YOU  HAVE  ANY  QUESTIONS. 
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LIST  OP  RESOURCES 

DIRECT  CURRENT  AND  VOLTAGE 

To  aatlsty  tfie  objectives  of  this  module^  you  majr  choose,  according  to  your  training, 
experience,  and  preferences,  any  or  all  of  ttie  following: 

HEADING  MATERIALS: 

Ihgest 

Adjunct  Guide  with  Student  Text 
AUDIO-VISUALS 
Television  Lesson,  Electrical  Properties  of  Matter,  tvk  30-lOlC 
Television  Lesson^  Charged  Bodies^  TVK  30-lOlD 
Television  Lesson^  Voltage,  TVK  30-lOlE 
Television  Lesson,  Current,  TVK  30-101 F 


SELECT  ONE  OF  THE  RESOURCES  AND  BEGIN  YOUR  STUDY  OR  TAKE  THE  MODULE 
SELF- CHECK. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU  REQUIRE  ASSISTANCE. 
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DIGEST 


W  DIflECT  CUflBENT  AND  VOLTAGE 

CONDUCTOHS  AND  iNSULATOflS 

The  electrical  conductivity  of  a  material  depends  on  its  atomic  structure^  which  dotermlnes 
If  It  is  a  conductOFi  a  seml-conductori  or  an  Insulator.  A  material  which  allows  etectronB 
to  move  from  atom  to  atom  1b  said  to  have  free  electrons  and  is  a  good  conductor.  A  material 
which  does  not  allow  electrons  to  move  from  atom  to  atom  is  said  to  have  no  free  electrons 
and  Is  a  good  insulator. 

Examples  of  good  conductors  ^te  sllverj  cqpper^  gold^  and  aluminum.  Examples  of  good 
Insulators  are  rubber,  ptastlCj  and  glass.  Silicon  and  germanium  are  examples  of  two  common 
semi* conductors  used  In  solid  state  devices. 

CUHHENT  AND  VOLTAGE 

Negatively  (^)  charged  electrons  revolve  around  the  positively  (+]  charged  protons  of  the 
atoms  within  a  material.  These  electrons  become  an  electric  current  when  brought  under  the 
Influence  of  an  external  force  or  charge.  The  movement  of  these  electrons  conforms  to  the 
law  Of  charges,  which  states  that  LIKE  CHARGES  SEPEL  and  UNLIKE  CHARGES  ATTRACT. 
When  a  material  has  a  deficiency  of  electrons  It  has  a  positive  charge.  A  surplus  of  electrons 
produces  a  negative  charge. 

When  the  charges  are  connected  together  through  a  conductor  they  exert  a  pressure  on  the 
free  electronic  of  the  conductor  and  cause  them  to  move  from  the  negative  charge  totne  positive 
charge.  ThiB  electron  movemet^  is  known  as  CURRENT  and  is  measured  In  amperes  (A). 
The  electrical  symbdl  for  current  is  the  letter  I. 

In  Order  to  maintain  current  flow  In  a  conductor^  the  positive  ana  negative  chargesi  or 
difference  <a  patentlalj  must  be  maintained.  TUs  pressure  Is  icnown  as  electromotive  force 
(EMF)  and  is  measured  in  VOLTS  (V).  The  electrical  symbol  for  electromotive  force  is  the 
letter  E. 

SOURCES  OF  ELECTROMOTIVE  FORCE 

EMF  may  be  produced  mechanical  action  (generator),  chemical  action  (battery )t  thermo- 
electric effect  (thermocouple)^  photoelectric  (television  camera),  and  piezoelectric  (crystal 
microphone }. 


YOU  MAY  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 
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ADJUNCT  GUIDE 

DIRECT  CURRENT  AND  VOLTAGE 

INSTRUCTIONS: 
Study  the  referenced  materials  as  directed 

Return  to  this  guide  and  answer  the  questions* 

Check  your  ajuiwers  against  the  answers  at  the  top  of  the  next  even  numt>ered  page  following 
the  questions. 

If  you  experience  any  difficulty^  contact  your  Instructor. 
Begin  the  program. 

A.  Turn  to  student  Text  Volume  I  and  read  paragraphs  3-1  thru  30*21.  Return  to  this  page  and 
answer  the  following  questions. 

1.   Identify  the  following  by  matching  each  with  its  proper  numt>er:  (See  figure) 
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2,   Complato  th«  chart  by  placing  a  otwck  In  the  prop«r  column! 


ATOM 
# 

POSITIVE 
ION 

NEGATIVE 
ION 

NEUTRAL 

1 

2 

'  

3 

4 

ATOM  NO  *  3 


ATOM  NO^  4 


3,    Comploto  the  fcdlowlng  chart  by  Indicating  the  charge  of  each  particle  in  an  atom: 

PARTICLE  CHARGE 


4»    Matter  is  defined  as: 


5,  An 


18  the  smallest  partido  of  an  element 


6.   The  two  main  particles  found  In  the  nucleus  of  an  atom  are  the 

and  the     # 


7,   "Valence"  refers  tothe 


behavlorof  anatom*  The  "Valence* 


electrons  in  an  atom  are  located 


CONFIBM  YOUP  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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ANS^EnS  TO  A; 

1.  a)  5 

b)  3 

c)  1 

2.  #1  neutral 

#2  negative  ion 

3.  electron 
Proton 
Neutron 


d)  6 

e)  2 
0  4 


#3  neutral 
#4  positive  Ion 

Negative 
Positive 
Neutral 


4.  Anything  that  occupies  space  and  has  weight  or  mass. 

5.  Atom 

6.  Proton  and  Neutron 

7.  Chemical ...  In  Its  outer  ring. 

U  you  missed  ANY  questloos^  review  the  material  before  you  continue. 


B.  Turn  to  Student  Text  Volume  I  and  read  paragraphs  3*22  thru  3*32.  Hetvini  to  this  page 
and  answer  the  following  questions. 

t.    A  good  conductor  must  have 

 a.    an  atomic  structure  without  electrons. 

 b.    a  great  number  of  atoms. 

  c.   very  few  free  electrons. 

 d,   many  free  electrons. 

2.    A  good  insulator 

 a.   opposes  the  movement  of  free  electrons. 

,,    ,.  b.   has  many  free  electrons. 

 c.   must  have  very  few  atoms.  -  ' 

 d,   has  atomic  structure  with  many  fretf  pivtor.it.         ^  ' 
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4.    List  six  materials  that  could  be  used  as  insulatori^: 


5.  Semiconductor  material  lies  between  the  extremes  of  a  gond^  and 

a  good  . 

6.  The  two  most  common  semiconductor  matcriUs  are  ami 


CONFIRM  YOUR  ANSV^ER3  ON  THE  NEXT  EVEN  NUMBERED  PACE. 

C.  Turn  to  Student  Text  Volume  I  and  read  pai'agraphs  3*33  thru  3-53.  lietura  :o  this  page 
and  answer  the  toUowlng  questions. 

1.    List  the  tbree  possible  electrical  charge  :;jriai*io:::»  «tn  object  can  ^4avi^. 


2.  A  coulomb  is: 

 a.   An  atom  cantaioing  an  ^qual  number  of  electrons  and  protoob* 

 b.    The  opposition  a  device  offers  to  the  How  of  electrons. 

 c    Unit  of  electrical  charge. 

 d,   Tiie  force  between  two  charged  bodies, 

3.  An  application  of  CoulomVs  L^g^  woulil  be: 

As  the  distance  between  two  charged  bodies  increases^  tr.e  fOiTce  between 
p.—  .  ■      them  decreiises. 

b.   As  the  <!istance  between  t?:o  cliarged  bodies  decreases^  the  force  between 
  them  decreases. 

 c    Like  charges  attract,  while  unlike  charges  repel. 

 d.   All  of  the  above. 
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ANSWERS  TO  B; 

1,  d 

2.  a 

3.  silver 

gold 

copper 

aluminum 

4.  rubber 

glass 

plastic 

dry  wood 

enamel 

mica 

S.   cunductor.  Insulator. 

6.   EfUtcon,  germanium 

U  you  mlaaed  ANY  questlooSi  review  the  material  before^yoii  continue. 

4.  U  the  distance  between  two  charged  bodies  la  doubled,  the  total  force  would: 
 a.   Be  twice  as  large. 

 b.    Be  one-half  as  large. 

 c.    Be  one-fourth  as  large. 

 d.   No  change. 

5.  Bodies  with  like  charges  

6.  Bodies  with  unlike  ^hargna   

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NtmBERED  PAGE. 


D.  Turn  to  Student  Text  Volume  I  and  read  paragraphs  3-^54  thru  3*66.  Return  to  this  page 
and  answer  the  following  questions, 

1.   The  three  things  necessary  for  current  flow  are: 
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2.  One  {1)  ampere  of  electrical  current  la  defined  as: 

,  i,.»a.   The  number  of  vdtB  required  to  produce  electron  flow  through  1  ohm  of 
reelBtance. 

■■■■■,„,b-   The  speed  which  electrons  attain  while  in  motlm  through  a  conductor. 
_  c.   The  movement  of  1  coulomb  past  a  point  in  1  second, 
„,,.„„,.  d.   One  volt  per  second  past  a  given  point  in  a  circuit. 

3.  In  an  external  circuit,  the  direction  of  electron  flow  la  from  ^  

to^  . 

4.  The  symbdl  for  current  1*  • 

5.  The  practical  unit  of  current  is  the: 
„      a-  Ampere. 

_^  b.  Electron* 
c.  Coulothb. 
 d.  Volt 

CONFIRM  YOUR  ANSJVERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


E.  Tarn  to  Student  Text  Volume  I  and  read  paragraphs  3-66  thni  3-71.  Return  to  this  page 
and  answer  the  following  queatioos. 

1.  A  correct  definition  for  an  EMF  would  be: 

 a.   An  opposition  to  the  flow  of  electrons. 

 b*   The  force  between  two  neutral  bodies, 

c.   A  dlilerenee  of  potential. 
 d.   The  amount  of  current, 

2.  The  symbol  for  vcdtage  Is  . 

3.  list  Ave  common  sources  of  EMF. 


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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ANSWEfiS  TO  C: 

X .   neutral  negative  positive 

2.  c 

3.  a 

4.  c 

5.  repel  each  other. 

6.  attract  each  other. 

It  you  nilssed  ANV  queatlonat  review  the  material  before  you  continue. 

[   ■  ^- 

ANSWEflS  TO  D: 

1.  a  potential  difference 
a  coiKtuctor 
continuity 

2.  c 

3.  negative  positive 

4.  1 

5.  a 

If  yo^j  midsed  ANY  questions^  review  the  material  before  you  continue. 


f  

UnSATERSTO  E: 

t 

|l.  c 
[2.  C 

^3,   n.*.chauical  piiotcelectrlc 
iihemical  piezoelectric; 
thermoelectric 

U  you  missed  ANY  questions^  review  the  material  before  you  continue. 


YOU  MAY  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 

10 


MODULE  SELF*  CHECK 

DIRECT  CURHENT  AND  VOLTAGE 


QUESTIONS: 

1.  A  good  conductor  Is  deficrlbod  m  any  material  which  has 

a.  many  free  atoms. 

b.  many  (re**  electrons. 

c.  few  free  atoms. 

d*   tew  free  electrons. 

2.  A  good  Insulator  Is  descrltml  as  any  materia)  which  has 

a.  many  free  atoms. 

b.  many  free  electron?!. 

c.  few  free  atoms. 

d.  few  free  electrons. 

3.  The  symbol  for  electron  flow  is.  


4.   The  unit  of  measurement  for  electron  flow  Is. 


5.  The  pressure  that  causes  current  flow  Is  described  as 

6.  The  unit  of  measurement  for  EMF  Is  the  

7.  The  symbol  for  f^lectromotlv*  force  is   


8.   Name  Ave  methods  that  describe  common  sources  of  EMF. 


b., 

d,_ 
e. 


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PACE. 
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MODULE  3ELF-CHECK 


AN3VVER3  TO  MODULE  3ELF-CHECK 

1.  b. 

2.  d. 

3.  I 

4.  ampere 

5.  a  difference  of  potential^  EMF,  or  Voltage. 

6.  volt 

7.  E 

8.  a.  Chemical 

b.  mechanical 

c.  photoelectric 

d.  piezoelectric 

e.  thermoelectric 


HAVE  YOU  ANS5VERED  ALL  OF  THE  QUESTIONS  CORRECTLY?  IF  NOT,  REVIEW  THE 
MATEfllAL  OR  STUDY  ANOTHER  RESOURCE  UNTIL  YOU  CAN  ANSWER  ALL  QUESTIONS 
CORRECTLY.  IF  YOU  HAVE,  CONSULT  YOUR  INSTRUCTOR  FOR  FURTHER  GUIDANCe. 
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ELECTRONIC  PRINCIPLES 
MODULE  5 

RESISTANCE,  RESISTORS,  AND  SCHEMATIC  SYMBOLS 

This  Guidance  Package  is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course.  It  contains  specific  information,  Including  references  to  other  resources 
you  may  study,  enabling  you  to  satisfy  the  learning  objectives. 

CONTENTS 

Page 


Overview  I 

List  of  Resources  2 

Digest  3 

Adjunct  Guide  6 

Laboratory  Exercise  5-1  1-S 

Module  Self-Check  19 


Supersedes  KEP-GP-5,  1  November  1973.  Use  existing  stock  untU  exhausted. 

/ 


OVERVIEW 

REmffTANCE,  RESUTORS,  AND  SCHEMATIC  SYMBOLS 

1.  SCOPE:  Reslatance  Is  another  aapect  of  electricity  that  must  be  considered  when  dealing 
with  electronic  circuits. 

2.  OBJECTIVES:  Upon  completion  of  this  module  you  should  be  able  to  satisfy  the  foUovlng 
oblectlves: 

'k*  TrMa  a  frotq*  o(  statements,  select  the  one  that  describes  the  opposition  to  the  movement 
of  free  electrons  within  a  conductor. 

b.  From  a  eroiqi  of  terms  and  symbols,  select  those  which  name  the  unit  of  measurement 
and  the  symbol  for  resistance. 

c.  From  a  group  of  resistor  symbols^,  select  the  symbol  for  a  fixed,  tapped,  and  variable 
resistor. 

d.  Given  Qve  resistor  pictorials,  classify  each  resistor  as  carbon,  fixed  wire,  slide  tap, 
rheostat,  or  potentiometer. 

e.  From  a  group  of  schematic  symbols,  select  the  one  that  represents  a: 

(1)  mttery. 

(2)  fuse. 

(3)  conductor. 

(4)  lamp. 
(9)  switch. 

f.  Using  a  resistor  color  code  chart,  determine  the  assigned  value  of  five  composition 
resistors. 

g.  Given  four  schematics  showing  two,  three,  or  four  batteries  connected  together,  select 
the  schematic  connected  for  maximum  ou^t  voltage. 


AT  THIS  POINT,  YOU  MAY  TAKE  THE  MODULE  SELF-CHECK  OR  GO  TO  LABORATORY 
XJCERCISE  5-1. 

IF  YOU  DECIDE  NOT  TO  TAKE  THE  MODULE  SELF-CBECK  OR  GO  TO  THE  LABORATORY 
EXERCISE,  TURN  TO  THE  NEXT  PA(S  AND  PREVIEW  THE  LIST  OF  RESOURCES. 

DO  NOT  HESITATE  TO  CONSULT  YOUR  INSTRUCTOR  IF  YOU  HAVE  ANY  QUESTIONS. 
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UST  OF  RESOUnCES 


RESISTANCE,  RESISTORS,  AND  SCHEMATIC  SYMBOLS 

To  satisfy  the  objecUv^s  of  this  module,  you  may  choosot  according  to  your  trainings 
^xpwUnc^t  and  pr^twmc^t  any  or  all  of  thB  following: 

READING  MATERIALS: 
Digest 

Adjunct  Guidti  with  Student  Text 
AUDIO- VISUALS: 

Television  LesaoOf  Resistance,  TVK  30-lOlG 

Television  Lesson,  Basic  Circuit  Components  and  Symbols,  TVK  30-10111 
Television  Lesson,  Rtisostats  and  Potentiometers,  TVK  30-124 

LABORATORY  EXERCISE: 
Resistor  Color  Cods  5*1 


SELECT  ONE  OF  THE  RESOURCES  AND  BEGIN  YOUR  STUDY  OR  TAKE  THE  MODULE 
SELF-CHECK. 

CONSULT  TOUR  INffTRUCTOR  IF  TOU  REQUIRE  ASSISTANCE* 
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RESIfflANCE,  REfitSTORS,  AND  SCHEMATIC  SYMBOLS 

RESISTANCE  AND  RESISTORS 

Raslstanca  (R)  1b  the  ppposltlon  to  currant  flow  and  the  unit  ot  maasura  1b  tha  ohm  (A  ). 
Whan  1  volt  cauflaB  t  ampera  of  currant  to  flow,  tha  oppOBltlon  Is  t  obm  (t5)  ). 

RaBtstorB  may  be  clasaUlad  Into  threa  ganaral  typas;  flxad,  tappad,  andvarlabla.Figura  t 
BhowB  tha  symbol  for  aach. 


-V\Ar 


FIXED 


■AMr 


TAPPED 


VARIABLE 
OR 

ADJUSTABLE 


nr.p4~488 


Flgura  1 


Carbon  raslstoTB  ara  constructad  from  graphite  and  a  binder,  ^it^xw  ara  attached  to 
the  gri^hite  and  Insulating  material  Is  molded  around  the  graphite.  See  figure  2A.  Fixed 
wire  resistors  are  merely  resistance  wire  wound  on  an  insulating  material.  See  figure  2S. 


AXIAL  LEADS 


CARBON  RESISTORS 


JIEP4'485 


RESISTOR 
TERMINAL 


MOUNTING  BRACKET 


JiEP4-482 


Figure  2A 


Figure  2S 
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A  tapped  reslator  la  a  wire- wind  roalotor  with  a  tap  or  tapd.  Bee  flgture  3A.  A  slide 
tap  Id  shown  In  figure  3B.  A  variable  resistor  could  have  carbon  or  resistance  wire  for  the 
resistive  element.  Bee  figure  3C  and  figure  30.  Notice  that  the  potentiometer  has  three 
terminals  while  the  rheostat  has  only  two.  A  rheostat  Is  used  to  get  a  change  In  current. 
A  potentiometer  Is  used  to  get  a  change  In  voltage. 


C.  POTENTIOMETER 


D-  RHEOSTAT 
Figure  3 


SCHEliATIC  SYMBOLS 

Figure  4  shows  many  schematic  symbols  you  should  twcome  familiar  with* 


fixed'  rheostat 


TAPPEO  POTENTIOMETER 
RESISTORS 


DIGEST 


SINGLE  CELL  MULTICELL 
BATTERIES 


i 


GROUND 


NOT  CONNECTED  CONNECTED 
CROSSED  WIRES 


FEMALE 


Or  ^ 

ILE  I  T 


MALE 


GROUND  TERMINAL 


POLARIZED  CONNECTOR 


Figure  4 
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RBP4*492 


DlOESt 


COLOR  CODE 

Moat  roalatora  wiU  be  color  coded.  The  code  ^e  covered  here  la  the  END-TO-C ENTER 
band  eyatem.  Three  bands  o(  color  are  uaed  to  indicate  the  value  o(  the  tolerance.  When  not 
uaed,  the  tolerance  la  20%.  The  (Ifth  band,  when  uaed,  indlcatea  the  (allure  rate.  See  (igure  S. 


FIRST  NUMBER 
SECOND  NUMBER- 


MULTIPLieR 


FAILURE  RATE 


TOLERANCE 


REP4-S00 


COLOR  CODES  FOR  PART 
IDEimFlCATlON  MARXmC 


Color 

PART 

SICanFlCANT  FIGURES  OF 
ELECTRICAL  VALUE 

TOLERANCE 

FAILURE  RATE 
PER  1000  HRS 

Ist  Number 

2ad  Number 

Black 

C^acitor 

0 

0 

1 

L  5"* 

Brown 

1 

1 

10 

±  1% 

M  1% 

Red 

2 

2 

100 

±  2% 

P  0.1% 

Orange 

3 

3 

1000 

R  0.01% 

YeUow 

4 

4 

10000 

S  0.001% 

Green 

Diode 

5 

5 

lOOOOO 

T  0.0001% 

Blue 

6 

6 

lOOOOOO 

Violet 

7 

7 

10000000 

Gray 

a 

a 

White 

9 

9 

Gold 

0.1 

±  5% 

Silver 

CoU 

0.01 

±10% 

Figure  5 
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BATTERY  CBLLB  IN  SBRIEB  AND  PARALLEL 


DIGEST 


When  a  battery  of  ceUa  lii  ueed  ae  a  source  ot  EMF,  the  desired  outimt  voltage  and 
current  carrying  ability  ii  determined  by  bow  the  cells  are  connected  together.  Voltages 
of  all  cells  In  series  will  add  together.  When  connected  in  parallel^  tbe  output  Is  the  same, 
but  the  current  available  wlU  be  doubled  whan  two  cells  are  In  parallel.  Figure  6  shows  a 
series  parallel  hookup  of  eight  l.S-volt  cells  to  get  6  volts  out. 


NOTICE:  For  tbe  series  coonectlm,  the  negative  terminal  ot  one  cell  Is  connected 
to  the  positive  terminal  (hi  the  next  cell.  Tbe  voltage  will  add  tqp  to  6  volts.  The 
parallel  connection  Is  made  by  connecting  the  two  positive  terminals  together  and 
tbe  two  negative  terminals  together  for  tbe  two  series  sets.  Tbe  parallel  connection 
win  doable  tbe  available  current  value. 


Y     SYMBOL  Y 


RXP4-499 


Figure  6 


YOU  UAY  OTUDY  AKOTBER  BESOURCE  OR  TAKE  THZ  MODUl<E  SELF-CHECK. 
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RESISTANCE,  RESL3T0RS|  AND  SCHEMATIC  SVBfBOLS 

INSTRUCTIONS: 

Study  thti  reference  materials  aa  directed. 
Return  to  this  guide  and  answer  the  questions. 

Check  your  answers  against  the  answers  at  the  top  of  the  next  even  numbered  pags 
following  the  questions. 

U  you  experience  any  difficulty,  contact  your  Instructor. 

Begin  the  progrsun. 


ERIC 


A.  Turn  to  student  text  volume  1  and  read  paragraphs  3-^72  through  3-82.  Return  to  this  page 
and  answer  the  following  questions. 

1.  Resistance  Is  defined  as: 

...  a.  The  electrostatic  charge  twtween  two  bodies. 
.  .  .  b.  One  coulomb  per  second  past  a  given  point. 
.  .  «  c.  Opposition  to  the  flow  of  electric  current. 
«  .  «  d.  The  potential  difference  twtween  two  points. 

2.  The  practical  unit  of  resistance  Is  the  

3.  The  symbol  for  resistance  Is  

4.  Factors  that  determine  the  resistance  of  a  conductor  are: 
«  .  .  a.  Length*  diameter,  and  temperature. 

.  .  .  b.  Length,  diameter,  temperature,  and  the  material  used  in  the  conductor. 

.  .  .  c.  Length,  diameter,  temperature,  and  the  porcelain  base. 

.  .  .  d.  Length,  diameter,  temperature,  and  the  cross*-sectlonal  area* 

5.  Which  of  the  following  materials  are  commonly  used  In  resistors? 
...  a.  Carbon  and  glass. 

.  .  .  b.  Metal  fUm  and  ceramic. 

.  .  .  c.  Wire  and  mica.  ^ 
.  .  .  d.  Wire  and  carbon. 

-8 
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6.  The  resletance  of  a  conductor  is  directly  proportional  to  its  

7.  The  resistance  of  a  conductor  ifl  inversely  proportional  to  its  

8.  the  opposition  to  current  flow  is  called  

9«  A  material  with  a  nesative  temperature  coatticlent  means  that  as  temperature: 

.  .  .  a.  IncreaseSt  resistance  decreases* 

.  .  .  bt  increases^  resistance  Increases* 

.  .  .  c.  changes,  the  resistance  remains  constant* 

,  .  .  d.  decreases*  resistance  decreases. 

CON^ntM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NXniBERED  PAGE* 
»  »  »  •  *  » 

Bp  Turn  to  student  text  voltmie  I  and  read  paragraphs  Z*6Z  through  Z*92t  Return  to  this  page 
and  answer  the  following  questions. 

1«  The  pictorial  diagram  represents  a: 

•  •  •  a.  carbon  resistor, 
p  .  .  b.  fixed  wire  resistor. 

*  .  .  c«  tiattery. 
.  .  .  d.  transistor. 


2.  The  pictorial  diagram  represents  a 

...  a.  carbon  resistor. 

.  .  .  b.  potentiometer. 

.  .  .  c.  slide  tap  resistor. 

.  .  .  d.  tapped  wire  resistor. 

3«  The  pictorial  diagram  represents  a 

...  a,  variable  resistor. 

.  .  .  b.  potentiometer. 

.  .  .  c*  schematic* 

*  .  .  d.  fixed  carbon  resistor. 
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ANSWERS  TO  A. 


t.  c.  4.  b  7.  (ra41ui)  or  cro«8*9dcUobta  area 

2.  ohm  9.  d  6.  rdolstance 

3.  R  6.  length  0.  a 

U  you  mlaaad  ANY  que0tlona»  review  the  material  before  you  continue. 

•     —  -»  —  —  ^  -»  »  •  —  m 


4.  The  pictorial  diagram  represents  a: 
.  .  .  a.  fixed  wire  resistor. 
.  .  .  b.  slide  tap  variable  resistor. 
.  .  .  c.  Electromechanlctil  device. 
.  .  .  d.  potentiometer  or  variable  resistor. 

5.  Identify  the  schematic  symbol  for  these  resistors: 

 \vv  

 m  

c.  •  • 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NXniBERED  PAGE. 

»  »  —   »  •  »         —         »  » 

C.  Turn  to  student  text  volume  I  and  read  paragraphs  3*93  through  3*116.  Return  to  this 
page  and  answer  the  following  questions. 

1.  List  three  requirements  for  a  circuit. 

a*-  

b  

c  

2.  The  purpose  of  a  power  dissipating  device  Isto  

3.  Battery  cells  are  connected  in  series  to  

4.  Battery  cells  are  connected  in  parallel  to  

Q.  Complete  figure  7.  553 
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A. 


C. 


0. 


G. 


J. 


0. 


SYMBOL 


<1> 


TITL8 


RHeOSTAT 


CROSSED  OVER 
WIRES  NOT 
CONNECTEO 


LAMP 


FUSE 


BATTERY 


VOLTMETER 


CROSSEO  OVER 
WIRES  CONNECTEO 


Fixeo 

RESISTOR 


ADJUNCT  GUIDE 


Figure  7 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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Rir 


ANSWERS  TO  B. 

1.  b 

2.  c 

3.  d 

4.  d 


9a.  Variable  resistor  or  potonUometor 
5b.  Tapped  resistor 
Sc.  Fixed  resistor 


If  you  missed  ANY  questions,  review  the  material  before  you  contliiue. 


ANSWERS  TO  C. 

1.  Source  of  EMF 
Conductor 

Power  dissipating  device 

2.  Perform  work 

3.  Increase  voltage 

4.  Increase  current 


9a.  Ground 


1. 


c.  Ammeter 


d<  Battery 


J.  Resistor 
k. 


e. 


1.  Tapped  resistor 
m.   


n.  Motor 
o.   


^  «   «         —  »  m  «  m 

D.  Turn  to  student  text  volume  I  and  read  paragraphs  3-117  through  3*139.  Return  to  this  page 
and  answer  the  following  questions. 

1.  Record  the  value  of  the  following  color  coded  resistors: 

a.  Brown-Red-Red-Gold   

b.  Red-Yellow-Red   

c.  Yellow-Violet-Yellow   

d.  Brown-Black-Brown-Gold   

e.  Gray-Red-Green-Gold-Yellow   

i.  Orange-White-Gold-Gold   

g.  Brown-Black-SUver-Gold   

12 
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2.  A  900-  to  000-ohm  resistor  Is  required  to  repair  a  radar  set.  The  parts  man  otters  a 
choice  of  tour.  Select  the  correct  one  by  color  code. 

-  .  .  a-  Oreen-Blue-Brown-aUver  -  -  .  c.  Oreen-Blue-Vlol<*t 

.  .  .  b.  Oreen-Bliie  Black-Cold  .  .  .  d.  Blue-Oreen-^Brown-Gold-Yellow 

3.  What  Is  the  ohmic  value  of  a  resist^w  ^th  a  color  code  of  Oreen-Red»Yellow-3Uver? 
...  a.  52,000  ±  10%  ohms.  .  .  .  c.  Q24  ±  10%  ohms. 

.  .  .  b.  520»0O0  ±  10%  ohms.  .  .  .  d*  4,200,000  ±  10%  ohms. 

4.  Determine  the  color  coding  tor  the  tolloiving  resistor  values: 

a.  2500  ohms.   

b.  130,000  ±  10%  ohms.   • 

c.  10  ±  5%  ohms.   

d*  74»000  ohms.   

9.  When  all  three  bands  are  red,  the  resistor  value  Is: 
.  .  a.  2.20  ohms.  .  .  .  c.  222  ohms. 

.  .  b.  222  Idlbhms.  .  .  .  d.  2200  ohms. 

.  When  using  resistor  color  code,  gold  or  silver  In  the  third  band: 
.  .  a.  Is  not  used* 

.  .  b.  represents  a  precision  resistor. 
.  .  c.  represents  a  special  tolerance. 
.  .  d.  Identities  a  decimal  multiplier. 
7.  When  a  fourth  band  is  not  used,  It  means  the: 

•  .  a.  Third  band  is  used  as  a  divisor. 
.  .  b.  Body-end-dot  system  is  being  used* 

•  •  c.  Third  ban4  becomes  the  tolerance  band. 

•  .  d.  Tolerance  of  the  resistor  is  20%. 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUUBERED  PAGE. 
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ANSWERS  TO  D. 

ta.  1200  ±  5%  ohms. 

b.  2400  ±  20%  ohma 

c.  470,000    20%  ohniB 

d.  100  ^  9%  olmifl. 

e.  8.2  megolmitf  ±  s% 
FaUure  rat«  0.001% 

f.  3.0  ±  9%  ohms 

g.  0.1  ±  S%  ohms 

2.  a 
a.  b 

4a.  Red-Qreeu-Red 

b.  Browii-Orange<>YeUow^SUvor 

c.  Bnmi-Black-Black-Cobl 

d.  Violet^ Yellow-Orange 

6.  d 

e.  d 

7.  d 

U  you  misaed  ANY  quesUons,  review  the  material  before  you  continue. 

•  lit  »  »  »  »   • 

E.  Turn  to  Laboratory  Exercise  9-1.  Tbla  exerdee  will  prepare  you  for  your  progreaa  check. 
•  »  »  ■»  »  »-  m 


AFTER  COMPLEUNG  THE  LABORATORY  EXERCISB  AND  PROGRESS  CHECK*  YOU  MAY 
STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF^HECK. 
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LABORATORY  EXERCISE  9-t 
^  RESIOTANCE,  REfilBTORfl,  AND  SCHEMATIC  SYMBOLS 

Resistor  Color  Code 

OBJECTIVES: 

1.  Determine  the  assigned  value  of  composition  resistors  using  a  color  code  chart. 

2.  Calculate  mtninmyn  and  maximum  tolerance  Umlts  of  resistor  ohmlc  values. 

EQUIPMENT:  Trainer  S218,  DC  Resistor 

REFERENCES:  Student  Text,  volume  If  paragraphs  3-117  through  3-*13S 

CAUTION:    OBSERVE  BOTH  PERSONNEL  AND  EQUIPMENT  SAFETY  RULES  AT 
ALL  TIMES.  REMOVE  WATCHES  AND  RINGS* 

PROCEDURE:  So,  you  are  now  ready  tor  a  Uboratory  exercise.  Do  you  remember  the  state-* 
ments  on  safety?  Return  to  KEP^GP-l  and  read  the  section  on  safety  again  betore  pro-^ 
ceeding  on  this  exercise. 

\^         I,  Place  the  DC  trainer  (figure  8)  on  the  bench  in  front  of  you. 

2.  Locate  resistors  Rl  through  Rn  on  the  trainer. 

3.  Use  the  resistors  on  the  trainer  and  the  Color  Code  Chart,  flgture  0»  to  complete  tlgture  10. 


IS 

55S 


Flgun  8 


COLOR 

auaancANT  figures  of 

ELECTRICAL  VALUE 

TAILimE&ATB 

PER  XOOO  BBS 

1st  Number 

2nd  Number 

Black 

Capacitor 

6 

1 

L  5% 

Broim 

X 

X 

XO 

±1% 

U  X% 

R«d 

2 

2 

xoo 

±  2% 

P  o.x% 

Orang« 

3 

3 

xooo 

R  0.0X% 

Tellav 

4 

4 

xoooo 

S  0.00X% 

Gre«n 

Diode 

6 

5 

xooooo 

T  O.O0OX% 

BUM 

6 

6 

xoooooo 

Vlcdet 

7 

7 

xooooooo 

Gray 

8 

8 

WUts 

9 

9 

* 

Gold 

0.x 

±  9% 

saver 

Coll 

o.ox 

±10% 

BEST  copy 


Figure  0 
X6 


LABORATORY  EXBRCIfiOE  9-1 


NUMBIR 

I 

COLOR  COOK 
VALUI 
INunwrlMll 

1 

mKRANCf 
MINIMUM  AND 

MAXIMUM 
RiSirrANCt 

III 

Rt 

113 

M 

US 

ll< 

RT 

III 

R9 

mo 

Rll 

Figure  10 


CONFIRM  TOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 
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LABORATORY  EXGRCiaS  5-t 


ANSWERS  TO  LABORATORY  EXERCISE  5-1. 


ItiSISTOR 
KUMflSft 

1 

COLOR  CODE 
VALUt 
(NwntrlMI) 

1 

TOLtRANCf 
MINIMUM  AND 

MAXIMUM 
RCStSTANCe 

Rl 

^,t300Jn. 

950f\iO  1,050  JU 

nz 

4i 700/1. 

Rl 

5,100JT- 

4i845ft-  5i355Jl- 

R4 

10  k/L 

9.5  knrl0.5  kA- 

M 

22  k/L 

20.9  kOrij.i  kil 

M 

27  kji. 

25.65  kA<2B.?5  kJI. 

RT 

47  kA 

U.65  kft-49.35  kiv 

R8 

100  luu 

95  kxw-105  kiU 

m 

220  kjv 

209  kfirZJI 

RIO 

5,100jO- 

4,84fllt-  5.355-fv 

■■ 

R11 

10  lcji_ 

9.5  kAr10.5  lou 

II  you  missed  ANY  questions,  revle-v  the  reference  material  betore  you  continue. 


CONSULT  YOUR  INSTRUCTOR  FOR  THE  PROGRESS  CHECK* 

YOU     MAY    STUDY    ANOTHER    RESOURCE  OR  TAKE  THE  MODULE  8ELF-CHECIC 


MODULE  SELF-CHECK 
RESISTANCE,  RESISTOR,  AMD  SCHEMATIC  SYMBOLS 

1.  The  opposition  to  current  flow  la  daacrlbad  u  

2.  The  unit  of  meamiremeot  for  realrtance  la  the  and  the  <juantlty  symbol 

la  

a.  Draw  the  achematlc  symbols  for  the  following  resistors. 

a.  Fixed* 

b.  Tapped. 

c.  Variable 

4.  L^l  each  of  the  resistor  pictorials. 


19 


MODULE  fiELF^CUECK 

9.  Draw  the  achomatlc  «ymbol  for  a 

a.  battery. 

b.  fuse. 

c.  conductor. 

d.  lamp, 
swltcb^ 

6.  Wbich  battery  coonecaon  bas  the  greatest  output  voltage? 


CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE, 
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MODULE  SBLl'^ClUICK 


ANSWERS  TO  MODULE  aELF-CUBCK 

1.  r«slstance 

2.  ohm  S\ 


3a. 
b. 
c. 


rr 


4a.  potentiometer 

b.  tlxed^e  , 

c.  carbon 

d.  slide  tap 

e.  potentiometer 


Sa. 


b. 


c. 


d. 


e. 


6.  c 


111- 


HAVE  TOU  ANSWERED  ALL  OF  THE  QUESTIONS  CQRBECTLT7  IF  NOT,  REVIEW  THE 
MATERIAL  OR  STUDY  ANOTHER  RESOURCE  UNTIL  YOU  CAN  ANSWER  ALL  QUEffTtONS 
CORRECTLY.  IF  YOU  HAVE,  CONSULT  YOUR  INSTRUCTOR  FOB  GUIDANCE. 


22 
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ELECTRONIC  PRINCIPLES  (MODULAR  SELF-PACED) 
MODULE  e 
MULTIMETER  USES 

This  Ouidance  Package  is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course,  It  contains  specific  information^  including  references  to  other  resources 
you  may  study*  enabling  you  to  satisfy  the  learning  objectives. 


CONTENTS 


Title 


Overview 
Li£f'  of  Resources 
Adjunct  Culde 
Laboratory  Exercise  6- 
Laboratory  Exercise  6' 
Laboratory  Exercise  6- 
Laboratory  Exercise  6- 
Module  Self-Check 
Answers 

OVERVIEW 

1.  SCOPE:  When  working  with  electronic 
circuits*  it  is  necessary  to  measure  current* 
voltage*  and  resistance.  A  single  instrument 
that  can  make  these  measurements  is  the 
multimeter.  In  this  module  you  vrlll  become 
^amiliar  with  the  operation  and  use  of  the 
a:VPSM-6  Multimeter, 

2,  OBJECTIVES;  Upon  completion  of  this 
module  you  should  be  able  to  satisfy  the 
following  objectives. 

a.  From  a  groupof  statementsconcernlng 
the  muitlm  ete  r,  select  the  one  which 
ictontlfies  the  purpose  of  a 

(1)  function  switch, 

(2)  range  switch, 

(3)  ohms  zero  adjust. 


(Delet.  d) 


Page 

i 
1 
1 
3 
4 
6 
7 

a 

10 


b.  Given    a   muitimetert    identify  the 

(1)  test  leads, 

(2)  voltage  scales, 

(3)  current  scales, 

(4)  resistance  scales, 

(5)  polarities, 

c.  Using  the  multimeter  and  trainer, 
measure  resistance,  AC  voltage,  and  DC 
voltage  within  ±10  percent  accuracy. 


AT  THIS  POINT  YOU  MAY  TAKE  THE 
MODULE  SELF-CHECK  OR  GO  TO 
LABORATORY  EXERCISE  6-1, 


ijupersedes  Guidance  Package  KEP-GP«6t  1  July  1974,  Previous  edition  may  be  used. 
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LU»T  OF  RESOURCES 

To  flsitlsfy  the  objoctlvea  of  this  module* 
you  maty  choosy  accordlnff  to  your  tralnlnfft 
experience,  and  preferences*  any  or  all  of 
the  tdllowing; 

READING  materials: 

Digest 

Adjunct  Guide  with  Student  Text 

AUDIOVISUALS: 

Television  Lessont  Voltmetert  TVK30- 
1011 

Television  Lesson,  Ammeter,  TVK30-101J 

Television  Lesson,  Ohmmeter,  TVK30- 
lOlK 

LABORATORY  EXERCISES: 
e*lt  Resistance  Measurement 
e-2t  DC  Voltage  Measurement 
e-3t  Direct  Current  Measurement  (deleted) 
6-4,  AC  Voltage  Measurement 

SELECT  ONE  OF  THE  RESOURCES  AND 
BEGIN  YOUR  STUDY  OR  TAKE  THE 
MODULE  SELF-CHECK. 


CONSULT  YOUR  INSTRUCTOR  IF  YOU 
REQUIBE  ASSISTANCE. 


ADJUNCT  GUIDE 

INSTRUCTIONS: 

Study  the  referencedmaterlalsasdlrected. 

Return  to  this  guide  and  answer  the 
questions. 

Check  your  answers  against  the  answers 
at  the  top  of  the  next  even  numbered  page 
following  the  questions* 


It  you  experience  any  dUficulty*  contact 
your  instructor. 

Begin  the  programi 


A*  Turn  to  Student  Text  Volume  I  and 
read  paragraphs  4*1  through  4-22*  Return 
to  this  page  and  answer  the  following 
questions. 

U  When  the  FUNCTION  switch  is  In  the 
OHMS  position,  the  PSM*e  can  be  used  to 

measure  t 

2.  How  many  RANGE  positions  are  there 
for  ohmmeter  operation? 

a.   7   ^c*  6 

 b.   4   d*  5 

3.  Never  connect  the  obmmeter  to  a/ an 
  circuit* 

4.  The  ohmmeter  section  of  the  PSM'6  Is 
zeroed  with  the   * 

5.  A  SHORT  is  defined  as   

resistance. 

6.  An  OPEN  Is  defined  as  

resistance. 

7.  The  OHMS  SCALE  On  the  meter  Is  read 

from    to  . 

6.   The    color   of  the  OHMS  SCALE  Is 


e.  Maximum  deflection  of  the  pointer 
Indicates  resistance* 
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10.  U  a  resmtor  measured  SO  on  the  OHMS 
SCALE  with  the  RANGE  switch  In  the 
Wx  100  position,  what  would  ltd  reading  bo 
on  theWx  lOOO  acalo? 

 a.    fl   -  500 

 50   d.  6000 


CONFIRM  YOUR  ANSWERS  IN  THS  BACK 
OF  THIS  TEXT. 


B.  Turn  to  Laboratory  Exercise  fl-1-  The 
exercise  will  Increase  your  proficiency  In 
the  use  of  the  P3M-6  to  measure  resistance. 
Return  and  continue  with  this  program  upon 
completion  of  the  laboratory  exercise. 


C.  Turn  to  Student  \cxt  Volume  I  and 
read  paragraphs  4-23  through  4-38.  Return 
to  this  page  and  answer  the  following 
questions. 

1.  When  the  FUNCTION  switch  of  the  P3M-6 
Is  In  the  DC  ZGiOi/V  poslUon  the  multimeter 

Is  set  to  measure   ^. 

2.  The    polarity    of    the    red   lead  Is 


3.   The  polarity   of   the   black  lead  Is 


4.  When  measuring  DC  voltage  there  are 
  ranges  available. 

5.  The  color  of  the  DC  voltage  scale  Is 


6.   When  measuring  an  unknown  DC  voltage, 

always  begin  on  the   range. 

Meter  damage  may  result  U . 
  voltage  Is  applied. 


A.   U  the  meter  pointer  movee  to  the  left, 

the  must  be  reversed. 

0.  Voltage  measurements  are  always  taken 
In  (dorled)  (parallel)  with  the  component. 

10.  U  you  wore  going  to  measure  a  DC 
voltage  of  125  volts,  what  range  setting 
should  you  use? 

 a.    290   ^c.  lOoO 

 b.    500   d.  150 

11.  When  measuring  a  negative  voltage 
using  ground  as  a  reference,  which  lead 
should  be  connected  to  ground? 

CONFIRM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 


D.  Turn  to  Laboratory  Exercise  fl-2.  This 
exbrclse  will  increase  your  proficiency  In 
the  use  of  the  PSM-6tomeasureDC voltages. 
Return  and  continue  with  this  program  upon 
completion  of  the  laboratory  exercise. 


C.  Turn  to  student  Text  Volume  I  and  read 
paragraphs  4-^30  through  4-57.  Return  to 
this  page  and  answer  the  following  qpestions. 

1 .  To  measure  current   the  FUNCTION 

switch  must  be  placed  In  the  

or   positions. 

2.  Current  Is  read  on  the   

scale. 

3.  To  measure  current  of  unknown  value, 
start  with  the   range. 

4.  The  ammeter  Is  placed  In  (series) 
(parallel)  with  the  circuit  comi>onent. 

5.  The  black  lead  Is  connected  to  the 
  point  In  the  circuit. 
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6«  The  red  lead  is  connected  to  the 
 point  In  the  circuit. 


7,  What  flcale  \vould  be  the  most  accurate 
to  moaaure  12S  mllllamperes? 

a>    1000  c.  250 

 SOO   d.  SO 

a.  U  1,000,000  microamperes  equals  I 
ampere,  how  many  mllllamperes  equals  1 
ampere? 

 a.    10   ^c.  1000 

 b.    100   d.  10,000 

0.  Assuming  the  RANGE  switch  Is  In  the 
lOOO  position*  what  would  a  reading  of  4  on 
the  bottom  scale  be  equal  to  In  mllllamperes? 

a.   400  c.  4 

 b.   25   d.  4000 


CONFIRM  YOUR  ANSWERS  IN  THE  BACK 
OF  THIS  TEXT. 


F.  Deleted. 


G.  Turn  to  Student  Text  volume  I  and  read 
paragraphs  4-58  tlirough  4-50.  Return  to 
this  page  and  answer  the  following  questions. 


1*    To  measure  AC  voltage  the  FUNCTION 

switch  must  be  placed  in  the   

position. 

2.  When  measuring  aC  voltage,  the  polarity 
of  the  test  ll^ads  (is)  &s  not)  Important. 


3.   The  color  of  the  AC  volts  scale  is 


A,   To  measure       unknown  AC  voltagd 

always  begin  on  the  range. 

5.  Vcdtage  measurements  are  taken  in 
(series)  (parallel)  with  the  components 


CONFIRM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 


H.  Turn  to  Laboratory  Exercise  6-4.  This 
exercise  will  Increase  your  proficiency  In 
the  use  of  the  FSM-6  to  measure  ACvoltage^ 


AFTER  COMPLETING  THE  LABORATORY 
EXERCISE  AND  PROGRESS  CHECK. 
YOU  MAY  STUDY  ANOTHER  RESOUUCE 
OR    TAKE   THE  MODULE  SELF-CHECK. 


LABORATORY  EaERCISE  6-1 
RESISTANCE  MEASUREMENT 

OBJECTIVE: 

Use  the  multimeter  (PSM-6)  to  measure 
resistance  ^thln  ±10  percent  accuracy. 

EQUIPMENT: 

1.  PSM.6 

2.  DC  Resistor  Trainer,  5531 
REFERENCES: 

1.  Student  Text  Volume  I*  paragraphs  4*>1 
through  4-22 

2.  Student  Handout,  KEP  108,  pages  1 
through  11 


CAUTION:  OBSERVE  BOTH  PERSONNEL 
AND  EQUIPMENT  SAFETY  RULES  AT 
ALL  TIMES.  REMOVE  WATCHES  AND 
RINGS. 
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PROCEDURES; 

1.  Place  the  DC  circuits  trainer  andPSM-6 
before  you  In  a  convenient  position. 

2.  Use  the  PSM-6  outlined  In  the  above 
reMrencea  to  measure  each  tealatori 


3. 

R20 

ohms. 

4. 

R22 

ohms. 

5. 

R26 

ohms. 

6. 

R27 

otims< 

7. 

R20 

otims. 

8. 

R2 

t<timn. 

9. 

R3 

otims. 

10. 

R5 

ohms. 

11. 

R6 

ohms. 

12. 

R9 

otima. 

CONFIRM  YOUR  ANSWERS  WITH  THE 
INSTRUCTOR. 


RETURN  TO  THE  RESOURCE  FROM 
WHICH  YOU  CAME  AND  CONTINUE 
WITH  THAT  PROGRAM. 


YOU  MAY  STUDY  ANOTHER  RESOURCE, 
GO  TO  LABORATORY  EXERCISE  6-2,  OR 
TAKE      THE     MODULE  SELF-CHECK. 


LABORATORY  EXERCISE  6-2 
DC  VOLTAGE  MEASUREMENT 

OBJECTIVE: 

Uae  the  multimeter  (PSM-^6)  to  measure 
DC  voltage  within  ±10  percent  accuracy. 


EQUIPMENTS 

1.  DC  Resistor  Trainer,  9S31 

2.  DC  Power  Supply,  4640 

3.  AN/PSM-6 


REFERENCES: 

1.  Student  Text  Volume  !«  paragraphs  4-23 
through  4*38 

2,  Student  Handout,  KEP-108,  pages  1 
through  11 

CAUTION:  OBSERVE  BOTH  PERSONNEL 
AND  EQUIPMENT  SAFETY  RULES  AT 
ALL  TIMES,  REMOVE  WATCHES  AND 
RINGS. 


PROCEDURES: 

You  are  novt  ready  for  a  laboratory 
exercise.  Do  you  remember  the  statements 
on  safety?  Return  to  KEP-GP*1  and  read 
the  section  on  safety  before  proceeding  on 
this  exercise. 

1.  Locate  the  required  equipment. 

2.  Preset  the  power  supply  to  OFF  and 
turn  the  VOLTS  ADJ  fully  COUNTERCLOCK. 
WISE. 

3.  On  the  trainer  locate  R22j  R23,  and  R24. 

4*  Uae  hookup  wire  and  connect  the 
resistors  as  shown  In  figure  2-1. 

5.   Set  the  PSM-6  to  measure  resistance. 


R22 

o  

 ^  HOOKUP 

^  WIRE 

R24 

 0 

Figure  2-^1 
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OHMS 
POSITION- 


FUNCTION 


II  R2:^  

1 

Figure  2-2 


6.  Connect  the  PSM^6  as  shown  In  figure 
2-2.  The  total  resistance  of  the  three  re- 


sistors is 


ohms. 


CONFIBM  YOUR 
OF  THIS  TEXT. 


ANSWERS    m  BACK 


6.  Plug  the  power  supply  cord  into  an  AC 
outlet. 


0.  Turn  the  power  supply  ON  and  set  the 
voltage  adjust  for  a  reading  of  40  on  the 
power  supply  meter. 


7.  Connect  the  power  supply  to  the  resistive 
network  as  shown  in  figure  2-3. 


NOTE;  Be  sure  the  control  marked  VOLT 
ADJ  is  fully  COUNTERCIOCECWISE  to 
prevent  an  orervoltage  condition  when  power 
is  applied. 


STOP*  HAVE  THE  INSTRUCTOR  CHECK 
TRAINER  AND  PQWSR  SUPPLY  WIRING 
HOOKUP  BEFORE  THE  POWER  SUPPLY 
IS     PLUGGED    INTO    AN    AC  OUTLET. 


10.  Set  the  PSM^6  to  measure  DC  voltage 
by  placing  the  FUNCTION  switch  to  DC  V, 
20f^V.    Set  the  RANGE  switch  to  1000. 


li.  Measure  and  record  the  DC  voltage 
across  each  resistor.  Reduce  the  RANGE 
setting  of  the  PSM.6  until  the  meter  is 
READABLE.  This  value  shMld  be  greater 
than  the  next  lower  RANGE  setting.  U 
not^  again  reduce  the  RANGE  setting. 


HOOKUP 
WIRE 


POWER 
SUPPLY 


Figure  2-3 
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Figure  2-4 
See  figure  2-4  for  meter  connections. 

R22=  VDC 

R23  -   ,   VDC 

R24  »    VDC 


CONFIRM  YOUR  ANSWERS  IN  TH£  BACK 
OF  THIS  TEXT. 


12.  Turn  off  the  power  mipply  and  diS' 
connect  all  hooiciqp  wires. 


RETURN  TO  THE  RESOURCE  FROM 
WHICH  YOU  CAME  AND  CONTINUE 
WITH  THAT  PROGRAM. 


YOU  MAY  STUDY  ANOTHER  RESOURCE, 
CO  TO  LABORATORY  EXERCISE  6-4. 
OR   TAKE  THE  MODULE  SELF-CHECK. 


LABORATORY  EXERCISE  6.3 
DC  MEASUREMENT 
(DELETED) 
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RBPEEUCNCES: 


1.  iStudont  Tdxt^  Volume  I,  paragraphs  4-96 
and  4-50.  Rovldw  paragraphs  4-23  through 
4-^36,  If  necssflary. 

2.  Student  Handout^  KEP^-loe,  pages  1 
through  U 


CAUTION:  OBSERVE  BOTH  PERSONNEL 
AND  EQUIPMENT  SAFETY  RULES  AT 
ALL  TIMES.  REMOVE  WATCHES  AND 
RINGS. 


PROCEDURES: 


1.   Locate  the  required  equipment. 


LABORATORY  EXERCISE  6-4 
AC  VOLTAGE  MEASUREMENT 

OBJECTIVE: 

Use  the  multimeter  (PSM-^6)  to  measure 
AC  voltage  within  ±10  perce&t  accuracy. 

EQUIPMENT: 

1.  AC  Inductor  and  Capacitor  Trainer,  5dd7 

2.  AN/PSM.6 


2.  On  the  trainer  locate  the  power  trans^ 
former,  TlOl. 

3.  Connect  a  hookup  wire  from  terminal 
B  to  terminal  D.  See  figure  4-1. 


4.  Connect  the  trainer  power  cord  to  an 
AC  ouUet. 

5.  Set  the  FUNCTION  switch  of  the  PSM'6 
to  ACVt  I  Kohm/V. 

6.  Measure  the  AC  voltage  between  the 
terminals  indicated. 


PRI     PRI       HV  H7 

ImJ  LuulujJ 


TertAltmla  A  and  B 
Tamlmls  C  and  B 
Terninala  A  and  C 


JfAC 
VAC 


VAC 


0 

0 

1  TlOl 

0 

0 

Figure  4-1 
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CAUTION;  ALWAYS  PLACE  THE  RANGE 
SWITCH  OP  THE  PSM*6  TO  THE 
HIGHEST  RANGJS  BEFORE  CONNECTING 
THE  VOLTMETER.  THIS  WILL  PREVENT 
DAMAGE  TO  THE  METER.  AFTER  THE 
METER  IS  CONNECTED,  HEDUCE  THE 
RANGE  SWITCH  SETTING  TO  OBTAIN 
A  READABLE  VALUE. 


CONFIKM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 


CONSULT  YOUR  INSTRUCTOR  FOR  THE 
PROGRESS  CHECK. 


YOU  MAY  STUDY  ANOTHER  RESOURCE 
OR   TAKE  THE  MODULE  SELF-CHECK. 


MODULE  SELF-CHECK 


A.  QUESTIONS: 


1.  When  the  FUNCTION  switch  Is  In  the 
OHMS  position  the  PSM-6  can  be  used  to 

measure  . 


2.  How  many  RANGE  positions  are  there 
for  ohmmeter  operation? 

 a.    7  ,  c>  6 

 b.    4   d.  5 

3.  Never   connect  the  ohmmeter  to 
 circuit. 


4«  The  ohmmeter  section  ot  the  PSM-6  is 
calibrated  with  the  * 


5,  A  SHORT  ts  defined  as 
resistance. 

6,  An  OPEN  Is  defined  as 
resistance. 


1*   Th«  OHMS  SCALE  on  the  metdr  reads 

from  to  t 

8.   The    color    of   the   OHMS   dcale  is 


8*    Maximum    deflection   of   the  pointer 

indicates   resistance* 

10.  U  a  resistor  measured  50  on  the  OHMS 
scale  with  the  RANGE  switch  on  theW  x  lOO 
posUion,  what  would  be  the  scale  reading  on 
the  0  X  1000  poeltlon  of  the  RANGE  switch? 

,    a.   5  500 

 ^b.   50   d.  6000 

CONFIRM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 


B.  QUESTIONS: 

1.  When  the  FUNCTION  swltchof  thePSM-6 
is  in  the  DC  20  Kohms/V  position,  the 

multimeter  is  set  to  measure  . 

2*   The    polarity    of    the    red  lead  is 

3.   The   polarity   of   the   black   lead  is 


4.  When  measuring  DC  voltage  there  are 
  ranges  available. 

5.  The  color  of  the  DC  voltage  scale  is 


6.  When  measuring  an  unknown  DC  voltage, 
always  begin  on  the  range* 
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7.  M«ttr  dARiajCO  may  r««ult  If 
vdt&Ke  It  appUed. 


8.   If  tho  meter  pointer  moves  to  the  left* 

this  _    must  be  reversed* 

0.  Voltage  measurements  art  always  taken 
in  (series)  (parallel)  with  the  component, 

10,  U  you  were  going  to  measure  a  DC 
vdtage  of  125  volts,  what  range  setting 
should  you  use? 


_a.  250 
b,  500 


_c-  1000 
d.  150 


11.  When  measuring  a  negative  vdtageuslng 
ground  as  a  reference,  which  lead  should  be 
connected  to  ground? 


CONFIRM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 


7.  MThat  scale  would  bt  the  most  accurate 
to  measure  125  mllUamperes? 


^a,  lOOO 
b,  500 


^c.  280 
d.  50 


8.  If  ItOOOtOOO  microamperes  equals  1 
ampere»  how  many  mllUamperes  equals  1 
ampere? 


^a.  10 
b.  100 


^c.  1000 
d.  10*000 


0.  Assuming  the  RANGE  switch  is  In  the 
1000  position,  what  would  a  reading  of  4  In 
the  bottom  scale  be  equal  to  In  mllliamperes? 


^a.  400 
b.  25 


d.  4000 


CONFIRM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 


C.  QUESTIONS; 

L   TO   measure  current  the  FUNCTION 

switch  must  be  placed  In  the   

positions. 

2.  Current  is  read  on  the   scale. 

3.  To  measure  current  of  unknown  value, 
start  with  the  range. 

4.  The  ammeter  is  placed  In  (series) 
(parallel)  with  the  circuit  component. 

5.  The  black  lead  is  connected  to  the 
  point  In  the  circuit. 

6.  The  red  lead  Is  connected  to  the 
  point  In  thB  circuit. 


D.  QUESTIONS: 

1.   To  measure  AC  voltage  the  FUNCTION 


switch  must  be  placed  In  the 
position. 


2.  When  measuring  AC  voltage,  the  polarity 
of  the  test  leads  (Is)  (is  not)  Important. 

3.  The  color  of  the  AC  volts  scale  Is 


4.  To  measure  an  unknown  AC  voltage 
always  begin  on  the  range. 

5.  Voltage  measurements  are  taken  In 
(series)  (parallel)  with  the  component. 


CONFIRM  YOUR  ANSWERS  IN  THE 
BACK  OF  THIS  TEXT. 
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ANSWERS  TO  ADJUNCT  GUIDE  A: 
1>  resistance 

2.  d 

3«  hot/operational 
4«   ohme  zero  adjust 
zero 

6.  Inllnlte 

7,  right  to  left 
8«  green 

6-  zero 
10.  a 

If  you  missed  ANY  quesUons»  review  the 
material  before  you  conUnue. 

ANSWERS  TO  ADJUNCT  GUIDE  C: 
U   DQ  voltage 
2*  positive 

3.  negative 

4.  seven  i 
black  ' 

je.  looo 

'i-  excessive 

8>  leads 

k  paraUel 

^^0.  a  . 

jll-  the  posiUve  * 
f 

.   If  you  missed  ANY  quesUons  review  the 
fnrLterial  before  you  continue. 

\  

10 


ANSWERS  TO  ADJUNCT  aUIDE  E; 

1*   DC  MA  or  100  microampere  SPECIAL 

2.  black 

3.  1000 
4*  series 

negative 
fi«  positive 
7.  c 
e.  c 
9-  a. 

If  you  missed  ANY  questions*  review  the 
material  before  you^  conUnue.  

ANSv/ERS  TO  ADJUNCT  GUIDE  G: 

1-  ACV 

2«  Is  not 

3t  blue 

4.  1000 

St  parallel 

If  you  missed  ANY  quesUms*  review  the 
material  before  you.  continue. 

ANSWERS  TO  LAB  EXERCI^  6<2; 

6.    400  Ohms  ±10  percent 

If  you  missed  the  question^  ask  the 
instructor  for  assistance, 

U.  R22  =  d  to  11  VDC 
R23  =  9  to  11  VDC 
R24  =  18  to  22  VDC  ' 

If  you  missed  the  <iueaUon<  ask  your 
instructor  for  assistance. 
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ANSWERS.TO  LAB  EXERCISE  6-3: 
(DELETED) 


^1 


ANSWERS  TO  LAB  EXERCISE  e*4: 

The  results  of  the  voltage  measurements 
should  be  ydthln  ±10  percent  of  the  following: 


Terminals  A  and  B 
Terminals  C  and  D 
Terminals  A  and  E 


6.4  VAC 
3.2  VAC 
8.8  VAC 


If  you  missed  any  questions^  ask  your 
Instructor  for  assistance.  * 

Disconnect  all  equipment. 


ANSWERS  TO  MODULE  SELF-CHECK  A: 

1.  resistance 

2-  d 

3.  hot/(q)erational 

4.  ohms  zero  adjust 

5.  zero 

6.  inflnite 


7.  right  to  lett 

8*  green 

6,  zero 

10.  a 


ANSWERS  TO  MODULE  SELF-CHECK  B 

1.  DC  voltage 

2.  positive 

3.  negative  n 

4.  seven 

5.  black 

6.  1000 

7.  excessive 

8.  leads 

9.  parallel 

10.  a 

11.  the  positive 


ANSWERS  TO  MODULE  SELF-CHECK  C; 

1.  DC  mA  or  100  microampere  SPECIAL 

2.  black 

3.  1000 
4«  series 
5.  negative 
8-  posiUve 

7.  c 

8.  c 
9*  a 


11 
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ANSWERS  TO  MODULE  SELF-CHECK  Dt 

1.  ACV 

2.  Is  not 

3.  blue 


4.  1000 


9.  parallel 


HAVE  YOU  ANSWERED  ALL  OF  THE 
QUESTIONS  CORRECTLY?  IF  NOT, 
REVIEW  THE  MATERIAL  OR  STUDY 
ANOTHER  RESOURCE  UNTIL  YOU  CAN 
ANSWER  ALL  QUESTIONS  CORRECTLY. 
IF  YOU  HAVE,  CONSULT  YOUR  Ot- 
STRUCTOR   FOR   FURTHER  GUIDANCE. 
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Tha  anawere  Co  cheea  queacloita  will  be  found  on  che  Cop  of  a 

following  page«  IndlcaCed  aa    ■  i 

Shore  commenCa  may  follow  Che 
anawera  Co  help  underaCand  why 
a  queaClon  may  been  ttlsaed. 
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A-1  or  A*2  ecc. 
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PracClce  Problema  30 

ElecCrlcal  Power.  ..31 

ToCal  Power  34 

Power  Racing  36 

PracClce  Problems  37 

Summary  '  43 


OBJECTtVES- 

Upon  compleclon  of  chla  modula* 
you  ahould  ba  able  Co  aaclafy^ 
Cha  following  objecclvea: 

a.  Given  four  dlagrama»  . 
aelecc  cha  ona  which 
aaclaflea  Che  require* 
manCa  for  a  DC  clrculc. 

b.  From  a  group  of  aCaCe- 
menca«  aelecc  Che  one 
CheC  dMcrlbca  Ohm*  a 

^  Law  aa  nlaCed  Co 
currentV  voltage »  and 
realacadcc. 

c.  Clven  a  aerlea  clrculc  . 

achemaclc  diagram  and  

foraulaa»  solve  for: 

(1)  toCal  raalsCance. 

(2)  Cecal  currenc. 

(3)  Cecal  power. 
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INTKOOUCTION 


What  lA  a  radio?    It  is  a  group  of  electronic  partu^.  connected 
together  in^^  certain  way«    Connect  then  tpgether  another  way,  and 
a  Stereo  Amplifier  can  result.    These  same  parts^  wir«d  together  in 
a  different  nuinner  will  make  a  Ualkie*Talkie. 

All  electronic  e<iUipment  is  simply;    the  right  kind  of  parts, 
connected  together  the  right  way.    Oiaessemble  a  Kadar  Syat^,  and 
re«connect  the  parte  into  e  Televisioti  transmitter  and  receiver.  An 
Airborne  IJavigation  System  uses  many  of  the  siune  parts  as  an' Electron* 
ic  Calculator.    FH  Stereo  radios,  and  Ground  Kadio  receivers,  use  the 
same  pares.    It's  the  way  the  perts  are  connected  that  '^counts". 

There  arc  severel  fundamental  methods  of  interconnecting  the 
perta.    One  of  them  ia  celled. ."connecting  them  in  Series'^    It  is 
the  '^basic**  method,  and  is  used  as  the  starting-point  in  most  Elec*^ 
tronic  courses.    This  text  involves  such  ''Series  Circuit9*\ 

There  are  three  principle  factors  within  all  electric  circuits, 
these  are:    Voltage,  Current,  and  Kesistance.    They  will  be  reviewed^ 
and  expanded  upon.    A  new  subject,  "electrical  power*'  is  introduced. 

Series  Circuits,  and  the  calculations  involved  in  them^  are  the 
'*foundation*^    Your  understanding  of  these  circuits  is  important. 


ELECTRIC  CIRCUIT  REQUIREMENTS  ^ 

All  electrical  circuits,  to  be  useful,  must  have  the  following 
basic  perts: 

1.  A  "source**  of  electrical  power  (battery) 
2.  Electrical  conductors  (wires) 
t  A  current  "controlling"  device  (resistor) 


SOURCES  OF  ELECTRICAL  POWER 


PIEZOELECTRIC  CRYSTALS 


GETIERATORS 


Q*l  a.  The  three  requirements  for  a  practical  electrical  circuit 

are;    A  source  of  powor,  conductors,  and  a  

controlling  device. 
b-  T*F    "Continuity"  i9_N0T  necessary   ^  
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ELECTRICAL  COMDUCTORS 

Th«  most  comaon  typ«  of  «lectrlc«l  conductor  it  copptr  wlr«. 
Many  different  types  of  wire  we  used,  depending  on  the  requlrtmente 
of  the  circuit* 

jOLlS^PPER 
'PLAStiC  IHSULATIOH 


njRRENT  COmROLLIKC  DEVICES 

Resistor**  sre  the  most  often  used  ^'current  controlling"  device. 
Along  with  r«iaistor8>  many  other  electronic  components  ere  used  for 
this  purpose. 


CAKBOMT 


Other  "current  controlling"  devices  such  ast  trsnsistors,  tubes, 
capacitors,  inductors,  (and  many  more),  will  be  covered  Uter  on  in 
training.    For  now,  only  the  resistor  will  be  discussed.  » 


Q-2   a.  The  most  common  conductor  material  is 


%rlre. 


b.  T-F  Resistors  are'the  only  "current  controlling  devices". 
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^"^   1.  currant  controlling  davlca. 

b.  Fili«..t"contlnulty*'  n««n«>>>t«  coaplat*  circuit*  hook«d*up. 


BASIC  CIRCUIT  COHSTRUCTIOM  ^ 

A  ilmpla  alcctrlcal  circuit  can  now  bfi  constructed,  to  meet  the 
three  requlrementa. 


ELECTRICAL 
POWER 
SOURCE 


CURREHT 
iKIROUING 
DEVICE 


SCHEMATIC  DIAGRAM 

The  "schematic  dlaftram",  using  schematic  symbols.  Is  shown  below. 


ELECTRICAL 
POWER 
SOURCE 


r 


ELECTRICAL  CONDUCTORS 


.CURREHT 
lCOHTROUING 
DEVICE 


ELECTRICAL  CURRENT  FXOtf  ^ 

The  movement  cf  electrons  (current)  thru  the  circuity  vould.be  f rW 
the  **negatlve"  terminal  of  the  battery  (the  short  line),    ajpound  thru  the 
resistor^  and  back  into  the* "positive"  terminal  of  the.  battery  (the  long 
line).    Thus  it  is  said  that,  "current  flows  from  negative  to  positive". 


CURRENT 


e 

BATTERY 

e 


RESISTOR 


CURRENT 


Q-3   a.  The  three  requirements  for  a  practical . electrical  circuit  are: 
A  source  of  power,  conductora,  and  a  currant   device. 


b.  Electrical  current  flows  from 
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copper  lOMtJjiM  ilMlnuB  li  ui<d  for  light  v«lght< 

bt  PilMtttttrintlitorit  tubM  <tCt  ilio  .coatrol  currftnt* 


HTORAULIC  AHALOCY 

The  fltudy  of  the  uovemttnt  of  liquids  Is  celled  **Hydraullcs*\ 
It  may  be  of  some  help  at  this  time,  to  see  the  similarity  betveen 
^'control  of  the,  f lov  of  electrons'^  and  '^control  of  the  flov  of  ^ater'^ 
Consider  the  battery  as  a  vater  **punip*\  and  the  resistor  as  a  vater 
"valve'*. 


1 


^  BATTERY 


RESISTOR 


WATER 
VALVE 


Another  Important  part  of  the  hydraulic  system  Is ^a  water  "meter", 
used  to  measure  the  flow  of  water.    In  the  rlectrlc  clrcu^lt,  this  part 
Is  an  **ampere^eter"  (ammeter),  used  to  measure  the  flow  of  electrotts, 

THE  UnSAVLXC  CIRCUIT 


THE  ELECTRIC  CIRCUIT 


BATTERY  VARIABLE 
_  BATTERY  RESISTOR 

X  ^.^AHMETER 


The  battery  "pressure"  \ 
(voltage),  forces  elec-\ 
trons  to  flow  jfcurrent)  \ 
thru  the  "opposltlon^S  \ 
(resistance)  of  the  \ 
resistor*  J 


Q*4  ft,  A  valve  controls  the  flow  of  water,  like  a  

controls  the  flow  of  electronst 
bt  A  resistor  the  flow  of  electrons* 


A-3 


ft*  coAtrolilng. 

b»  nigatlvi  to  poiltlvii 


■MYDRAULiC  ANALOGY  (cont) 

In  Che  hydraulic  clrculc^  ch«  BBme  wACor  iQ  forced  *>arouiul-*4Lnd« 

ftx^und**  chru  ch€  ayacem.  In  ch«  «l«ccrlc  cltculc,  che  same  alactrona 
ar«  forcad    ^round^^and-around*'  chru  cha  clrculc. 


FACTORS  AFFECTING  WATER  FLOW 

L.    Wacer  pump  pressura. 

.  2.    Opposlclon  (secclng) 
of  Che  valve. 


In>2reaslng  Che  pump  pressure, 
will  force  more  gallons^per^ 
mlnuce  chru  che  valve,  and  chc 
wai:er/mecer  will  read  higher. 


FACTORS  AFFECTING  ELECTRON  FLOW  ^ 

1.  Baccery  pressure  (volcage) 

2.  Opposlclon  (reslscance)  of 
che  reslscor. 


Reducing  che  opposlclon  of  che 
valve  (opening  che  valve  more), 
will  allow  more  sallons«per- 
mlnuce  co  flow. arround  chru  che 
syscem,  and  che  wacer  meter  will 
read  higher. 

Reducing  che  pus^p  pressure, 
reduces  che  flow  of  wacer  chru 
_  che  syscem. 

Increasing  che  opposlclon  of 
che  valve  (clghcenlng  Ic  down) ^ 
reduces *che. flow  of  wacer  chru 
che  syscem. 


Increasing  che  baccery  pressure 
(more  volcage) »  will  force  more 
coulombs  per  second  (currenc) 
chru  che  reslscor,  and  che 
ammecer  will  read  higher. 

Reducing  che  opposlclon  of ''che 
reslscor  (less  ohms),  will  allow 
more  coulombs* per* second  Co  flow 
around    chru  che  clrculc,  an^ 
che  ammecer  will  read  higher. 
(One  ampere  *  L  coulomb*per^sec) 

Reducing  che  batcery  volcage, 
reducea  che  flov  of  eleccrona 
(currenc)  cKru  che  clrculc. 

increasing  che  opposlclon  of 
che  reslscor  (more  ohms), 
reduces  che  flow  of  eleccrons  ^ 
chru  che  clrculc. 


q^S  a.  If  che  opposlclon  of  che  reslscor  Is  reduced,  che  flow  of 


currenc  chru  che  clrculc  vlll 


^(Inc  or  dec). 
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b,    controls,  llnlet,  ragulaiitt,  ttcc. 


UVPRAULIC  AHALQCY  (con^V  t^''^ 

+  I 

In  ch€  hydraulic  circuic»  chc.  amounc  of  wa»r  "allowed"  co  floW| 
dcspenda  upon  che  aeccing  of  che  valve^    The  valve  regulaces  or  cbncrola 
Che  amount  Of  wacer  flowing  co  ch«  desired  levels  * 

In  Che  eleccric  circuic,  a  re»i«cor  of  che  proper  oppoaicion 

(ohms)    is  chosen^  co  linic^  regulace^  or  cowcrol  che^  flow  of  eleccrotia' 

^^^^^^^^^^^^^ 

CO  che  desir^^d  number  of  amperes. 


Changin^che  pump  pressure «  lias 
NO  effect  on  che  seccing  of  che  ' 
valve . 

Changing  che  opposicion  of  che 
velvet  has  NO  effecc  on  the  pump 
pressure* 

Changing  the  pump  pressure^  or 
the  opposition  of^  the  valve » 
WILL  change  the  amount  of  water 
flowing  thru  the  system* 

s 


Changing  to  a  different  battery 
has' NO  effect  on  the  opposition 
(ohms)  of  the  resistor* 

Changing  the  opposition  (ohms) 
of  the  resistor^  has  ^TO  effect 
on  the  battery  voltage.  - 

Changing  the  battery  voltage, 
or  the  opposition '<ohm3)^f  the 
'resistor^  WILL  change  the ^amount 
of  electrons  flowing,  thru  the 
circuit. 


Q-6  Answer  the  followlm  with:  increase^  decjeaseror  renaln  the  same 
a.  If  resistance  inAreeeea^  the  current  will 
b*  If  voltage  increeeest'  the.  current  will 


c.  If  current  increaeedi  the  resistance  oust  have 

d*  If  current  decreased^  the  voltag;^  wiat  have  

e*  If  resistance  increatest  the  voltnge  will 

fv  If  voltage  decreases^  the  reiiatance  will  

g.  If  resistance  decreaaea^  cu\ent  vUl 

h.  If  voltage  increaaei^^^ht^jreaista  will 
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Incniiittt.  Ttttuclng  th«  oppoilclon  of  chi  valvi  allowi  mori 
MC«T  Co  flow  chru,  chi  lyictm.    R«ducliig  "th*  oppoilclon  Co  ch« 
flow  of  «l«ccroaa,  «liowi  boti  curr«nc.  co  fipw. 


MEASURING  CURREHT  ,  . 

It  Is  Important  at  this  point,  to  understand  that  'the  amount  of 
Current  Clowlnft  can  be  measured  qt  anv  oo^p^  the  circuit,  and  the 
readings  will  be  the  same, 


All  o£  the  water  Rieters  litsthe 
hydraulic  systera^wlll  have  the 
same  reading*  because  they  are 
all  measuring  the  same  water 
flowing  thru  th  ein  > 


4 


JVll  o£  the  ammeters  In  the 
electric  circuit  will  have  the 
same  reading,  because  they  are 
all  measuring  the  sani^  electrons 
flowing  thru  them* 


HYDRAULIC  WALOCY  SUMMARY 


T 


ELECTMC  CXROIIT  SUMMARY 


The  principle  function  of  a  valve  In  a 
hydraulic  system,  Is  to  control  the  flow 
of  water  thru^the  system.    The  f low  vf 
water  can  be  measured  at  any^'polnt  In 
the  system*    The  force  required  to  cause 
water  to  move.  Is  provided. by  the  pump* 
Although  changes  In  pump  pressure  will 
affect  the  flow.  It  la  the  valve  that 
determines  how  much  water  will  actually 
be  ''allowed"  to  flow,  ,    *  ^ 

The  principle  function  of  a  resistor  In  an 
electric  circuit,  is  to  control  the  flow 
of  electrons  thru  the  system*  The  flow  o^f 
electrons  can  be  measured  at  any  point  ^In 
the  circuit  4  The  force  required  to  cause 
the  electrons  to  move.  Is  provided  by  the 
battery.  Although  changes  In  battery  volt- 
age affect  the  flow.  It  Is  the  resistor 
that  determines  how  many  electrons  will 
actually  be  '^allowed"  to  flow« 


ERLC 
L 
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At  d«cr«ai«ttt 
bt  incr6«i«ttt 

«t  remain  th6 
ft  remain  Cha 
g*  incraaiattt 
ht  remain  Che 


t there  ie  mora  oppoeiCion* 
»chere  ii  more  force  (vDlCege)* 
*eeeuming  the  volcage  remained  the 
•aeeuming  che  reeiecance  remained  Che 
aametttbuC  there  will  be  leee  curranC  flowing* 
aama***buC  there, will  be  leee  current  flowing* 
tbecauee  chare  ie  leee  oppoeicion* 
eanattttbuC  chare  will  be  more  curranC  flowing* 


OHMS  LAW  '  \ 

The  function  of^a  reeistotr  ie'to^ontr^^  the  amount  of  curranC 
flowing  thru  an  electric  circuit*    The  actual  amounC  of  current,  in 
amperes^  can  be  calculated  uaing  "OHMS  LAW^'* 


ojur 


The  Current  in  any  electric  circuifC  is 
directly  proporCional  to  voltage,  and 
inversely  proportional  to  reaietancet^ 


^1 


voltage  increases,  the  current  will 
increase*  If  fesistanceincreaaes,  the 
current  will  dacreaae. 


CURRENT  " 


VOLTAGE 


RESISTANCE 


I  " 


EXAMPLE:  Calculate  the  amount  of  current  allowed  to  flow  in  the 
following  electric  circuit* 


r 


—    8  VOLTS      A  0 


E         8  VOLTS 
I  -       "     «    2  AMPERES 

R         4  OtIMS 


0*7    Solve  for  the  amount  of  current  flowing  li^'  the  circuits  below* 
(a)  Cb)  .  Cc) 


—  12V       3  OIIHS 


30V 


r 


VOLTS 


589 


RBSISTANCI^  CALCUUTION 


Tho  opposition  (ohmi)  of  a  resistor  can  bo  calculated,  If  tha 
battery  VOLTAGE,  and  the  circuit  CURREtlT  are  known. 

VOLTAGE 


RESISTANCE 


CURRENT  ' 


EXAMPLE;    Calculate  the  opposition  (ohms)  of  the  resistor,  which  Is 
Utnltlitg  electron  flow  to  2  AMPERES. 


I 


~  lOV 


R  ■  ? 


£         10  VOLTS 

R  ■          ■   ■    5  "OHMS 

I  2  AMPS 


J 


NOTE  l....I£  the  opposition  of  the  resistor  was  greater  than  3  OHMS, 
the  electron  flow  wouM  NOT  be  as  much  as  2  AMPERES. 

NOTE  2. ...If  the  opposition  of  the  resistor  was  less  than  3  OlIMS, 
the  current  allowed  to  flow  would  have  been  greater  than 
2  AMPERES. 

NOTE  3.,.*Glven  a  10  VOLT  battery,  and  a  desired  current  of  2  AMPERES. 

The  only  resistor  that  can.  bemused,  Is. one  tiavlng  ^n  opposiP 
tlon  of  3  OHMS, 


Solve  for  the  opposition  of  the  resistors  In  the  following 
circuits.  ^  ' 

(a) 


590^ 
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a,  A  AMPS 


b.  2  AMPERES 


e,  5A 


VOLTAGE  CALCULATION 

The  VOLTAGE  of  d  battery  car  be  calculated^  If  the  opposition 
(ohms)  of  the  reelator*  and  the  circuit  CtlRREtlT  are  known. 


VOLTAGE    -    CURREtrr  *  HESISTAHCE   /  E  -  I  *  R 


EXAMPLE;    Calculate  the  battery  VOLTAGE  Receesary  to  force  an  electron 
flow  of  2  AMPERES  thru  a  4  OHM  resistor. 


r 


—  E  -  ? 


4  OHMS 


E    -    I    •  R 

-  2A  •  4 A 

-  5  VOLTS 


Q-9    Calculate  the  battery  VOLTAGE  In  the  follovli^ii  clrctilta. 
(a)    (b)    (c) 


r 


"STE  -  ? 


8iv 


THE  OHMS  LAW  TRIANGLE 

The  3  equations  for  RESISTANCE^  CURRENT^  and  VOLTAGE  can  be  formed 
Into  a  "triangle*'.  equation  for  "current"  I 

The  equation  for 


The  equation  for  *Vesl9tance"  R 

"voltage"   E  -yi|R\        These  3  equations  will  be  used  constantly^ 
and  the  "Ohms  Law  Triangle"  provides  a  ready  reference  for  the  proper 
formula.  '  '  ^ 


591 


A-8 


a.  3  OHMS 


c.  Sa, 


CIRCUIT  CALCULATIOSS 

When  solving  the  following  circuit  probleas,  flrat  determine  what 
la  the  <[Ueatlon  (B|  I*  or  R).    Then  select  the  proper  equation  from 
the  "Ohm«  taw  Triangle",  and  solve,  ^^^/^^^s^^ 


a,  Solve  for  CURRENT.  ' 


b.  Solve  for  VOLTAGE. 


—  UV 


6i\> 


C.  Solye.Eor  RESISTANCE. 


d.  Solve  for  CURRENT.' 


r 


60V  12A^ 
1  "  7 


Watch  the  "decimal  point"  In  the  Callowlnf^  circuits*  Put  the 
equation  down,  and  be  careful  to  enter  the  right  values.  |  ^ 


Q-U 


11 


ERIC 
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18  VOLTS 


b* . 60V 


c*  48V 


KltO->0HMS  and  HILL>AMPERBS  '  ' 

Ho«c  **eIecCronlc'*  clrculcs  operate  dn  ^jnal^^amoiinCfl^  of  currenc 
than  Che  full  AMPERE.    Translscors  and  cubes  funccion  on  che  much 
smaller  '"mllll^anpere**  (Symbol   mA  ).    One  mllll^ampere  is  only  one* 
ChousandCh  of  a  full  AMPERE. 


.OOIA 

-  .001 

ampere 

at 

I  inilll**ampere 

.OOSA 

»  .005 

ampere 

5  mllll^aiDperes  * 

5mA 

.009A 

-  .009 

ampere 

9  nllll^amperes  * 

9mA 

.01  A 

-  .01 

ampere 

10  mllll^Amperes  * 

lOmA 

.018A 

-  .018 

anpere 

18  milll^ampetes  - 

1 8mA 

.094A 

-  .09A 

ampere 

9A  mllll^amperes  * 

94mA 

.1  A 

.1 

ampere 

100  mllll*aihpered  « 

lOOmA 

.102A 

"  .103 

ampere 

m 

102  mllll^anperes  * 

I02mA 

.USA 

-  .158 

ampere 

158  mil     amperes  « 

I58mA 

.64  A 

— .6A 

ampere 

m 

640  mllll-afflpered  * 

640mA 

.95AA 

-  .95A 

ampere 

m 

954  nllll-amperes  * 

954mA 

1  full 

ampere 

»  lA  » 

1000  mllll-amperes  - 

lOOOmA 

To  llmlc  Che  clrculc  currenc  co  Chese  smeller  mllll*empere 
amouncsf  teslscors  wlch  large   opposlclon  are  used.    These  teslscors 
are  raced  In  KIlO-OHMS.    1  KILO-OIIMS  equals  1000  OHMS. 


500,000/>.  - 

500  itn 

.OOlKfl  - 

in 

Aoo.ooon  - 

Aooitn. 

.002kn  » 

2n 

350,000  rL- 

350ltn 

.009icn  » 

9n 

100, 000 n.  - 

100  kn 

.01  kn.» 

ion 

95, 000 n  - 

95lcn 

.012  m  » 

I2n 

22,000i^  - 

22lcn 

.05  k/i  » 

50  n 

8,ooon  - 

8lcn 

.068kn.  - 

68  n 

6,500  n - 

6.5lcn 

.099kn.- 

99  n 

5,000/1- 

5.oicn. 

.1  kn- 

100  n 

4,230  Jl- 

A.231cA 

.2  kn- 

200  n 

2,350  /X- 

2.35kn 

.35  kn» 

350  n 

i,20on  - 

1.21c  n. 

.685k/l* 

685  n 

i,i50n- 

i.i5kn 

.952krL- 

952n 

1,060/1  > 

'  i.06lcn. 

1.0  kA- 

1000  n. 

es 


q*I2  a.    .002  amperes  Is  che  same  as 
b.    .15  ampere  Is  che  same  as  _ 

c*    250  mllll-amperes  la  che   

d.    25  mllll-amperea  Is  the  same  as   

e*  *  l*3kXL  Is  che  same  as  ;  ohms* 

f.    *02krL  Is  che  same  as   ohms* 


_  milll-amperea . 
mllll«amperea . 
'  ampere. 


_aapere. 
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A-10 

a.  3A 

b. 

16V 

c.  ttxu 

d. 

5A 

A-11 

a.  .25A 

b. 

1.5V 

c.  5a 

.05A 

PROBLEM  SOLVmC  IM  MILLI -AMPERES 

When  solving  electronic  circuit  problema  Involving  kllo-ohms, 
Che  answers  for  current  will  automatically  come-out  la  rallll-amperes. 


EXAMPLE!    E  -  lOV    R  -  21tfV    1  -  ? 


lOV 
2Kn 


7^ 


When  solving  circuit  problems  involving  milli-amperes,  the 
ansvers  for  resistance  will  sutomsticslly  come-out  in  kilo-ohms. 

12V 

EXAMPLE:    E  -  12V    I  -  4mA     R  -  ? 

When  solving  circuits  with  current  in  milli->amperes»  snd 
resistsnce  in  kilo-ohmd*  the  voltsge  will  come-out  in  unit  VOLTS« 


EXAMPLE!    I  -  5mA    R  -  ikn!   E-?/e-I.R       5mA.  4HfL  - 


6 


q-13    Solve  the  following  electronic  circuits 
.(a)  (b) 


I 


"tsr  30V  6kn. 


I  " 

40V       R  ^ 

110. — 


(ej 


ft  r 

/     ^  8V         R  -  7 


12V 


<f) 


20k  n 


13 
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A-12  ,^ 

,025  «»p«r4 

d. 

b. 

t,300  ohn*  ' 

Ct 

,25  «ap€r« 

f. 

20  ohu 

OHMS  UW  SUMHARY 

th€  basic  filficcrlcal  circuit  consists  of 


^1*   A  source  of  power  (bsttory) 

2.  Conductors  (wire) 

3,  Current  controlling  device,  (resistor) 
—         — ^^^^^ 

Different. types  of  resistors  are  used  rv  CY 

to  control  the  amount  of  current.        -A    1—        -I  L  ^  i* 


the  level  of  voltage  from  the 
battery  will  also  sffect  the 
amount  of  electron  flow* 


0 


Electron  flow  (current)  Is  from  the 
"negative**  terminal  of  the  battery, 
thru  thie  controlling  device,  and  back 
Into  the  "positive"  terminal* 


Increasing  the  battery  voltage  will 
Increase  the  electron  flow. 


H'I'I'I'I'I'I'I'I'I'li 


Reducing  the  opposition 
of  the  resistor,  will 
allow  more  electron  flow* 


the  electron  flow  (current) 
can  be  measured  at  Any  point 
In  the  electric  circuit* 


(D(D(D 


If  the  battery  voltage,  and  the  opposition  of  the 
resistor  are  known,  the  current  can  be  calculated* 

If  the  battery  voltage,  and  the 
electron  flow  are  known,  the 
opposition  of  the  resistor 
can  be  calculated* 

le  voltage  of  any  battery  can  be  determined  by 
multiplying  current  times  resistance. 


When  the  resistance  values  are  given  In 
kllO'H^hms,  the  electron  flow  will  be  In 
mllll^amperest 


VAK 


nina 


Ability  to  convert  between  mllllg 
kllo»  and  units.  Is  important  to 
simplify  circuit  calculations* 
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A-13  . 

i  allll-Mip«r«s  (SnA> 

d. 

1.S2  voles  (1.S2V) 

b. 

.21Cn.(200A> 

«• 

120  voles  (120V> 

.6mA  (.0006A> 

SBfalES  REStSTlVE  CIRCOITS 

The  eonneeelon  of  eleeerleal  ectmponenea  "end-eo->cnd"  1b  called, 

"connecting  thm  In  fiSUfii".  V^Js-r^^jp^j^Tf"^^ 
The  connection  of  thase  ^  ^  

same  components  "flideh*by*9ldc" ,  \\  [71 

is.  called^  ''connecting  them  in  PARALLEL, 
Only  the  SERIES  connection 'will  be 

discussed  at  this  time.    Parallel  circuits  wi^l  cone  later. 

SERIES  RESISTIVE  CIRCUIT  . 


Ho  mattcsr  which  way  current  is  flowing,  the  resistors  are  usually 
numbered-ih  a  "clockwise'^  direction  as  Ri,  R2f  R3  etc..  "  Before  going 


any  furthur^  it  might. b.e  best  to  study  the  "hydraulic  analogy". 
HYDRAULIC  ANALOGY 

The -important  thing, to 
observe  here,  is  that 
each  valve  will  have 
some  effect  on  the  flow 
of  water  thru  the  entire 
system* 

Stay  here  a  minute,  and 
try  to  imagine  actually 
adjusting  each  valve. 
What  are  the  effects  on 
the  water  meter  reading? 


E>  a. 
2i 


"Eod-to*eiid"  connection,  is  called  a  

•Side-by-side"  connection^  la  celled  « 


^connection 
 connection 


>ntt  I 
:lon,  I 
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ItYPRAULIC  AHALOCY  <conC) 

Suppoflfl  Che  flow  of  wacar  la  Co  be  rescrlcctd  Co  3  gallons  par 
mlnuCe.    Are  chrae  separaca  valvaa  re<iulrad?  Tha  aniwar  la  Ito! 

The  chree  valvaa  could  be  replaced  wlch  ona  valvai  opened  enough 
Co  allow  3  gallona  par  mlnuca  Co  flow  chru  ic. 


ELECTRIC  CIRCUIT 

Suppose  Che  flow  of  elecCrona  la  Co  ba  limlcad  co  3  amparea. 
Are  Chree  separace  realacora  required?  ^ ...  .The  answer  Is  tto! 

The  Chree  reslaCora  could  be  replaced  wlch  ona  realsCor,  having 
enough  oppcalclon  (ohms)  Co  resCrlcc  currenc  Co  3  anperas. 


AAAr- 


r 


SEPARATE  RESISTORS 


SAME  RESULT 


1-0  ^AA/■ 


WHY  USE  THREE  RESISTORS^  INSTEAD  07  ONE? 

Series  clrculcs,  wlch  more  Chan  one  realscort  are  capable  of 

i 

providing  many  dlfferenC  "volCages'*  froa  one  baCCary  aource.  These 
volcagea  can  Chen  be  used  Co  operace  ocher  parca  of  complex  elecc** 
ronlc  tflrculca.    How  chla  la  done,  will  be  covered  lacer  In  Che  Case,. 


a.  Wacer  la  concrollcd  by  Che  **numbar**  of  valvaa  In  cha 
ayacem.  (True  or  Falaa  ba  careful!) 

b.  Currenc  la  concrolled  by  Che  **numbar'*  of  raalacora  In 
clrculc.  (Trua  or  False....... agalnt  chink!) 
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'*««!••**  ,  b.  *'p«r«lltl*' 

SERIES  CIRCUIT  TOTAt  RESISTANCE  ' 

Th«  "total  oppoaition"  to  th«  flow  of  currtnt,  is  calltd  i«. 

TOTAL  RESISTANCE  (Symbol  R^) .  It  U  the  "sum"  of  all  the  Individual 
raalstanctts.  ^ It  Is  tha  one  rasiator  that  can  ba  used  In  placa  of  the 
aaparaca  resistors/   Current  la  Itmttad  bv  the  TOTAL  RESISTANCE  (Rt)« 


NOTE:    If  the  res^lstances  are  given  In  kllo*ohms,  '*<lrop'*  the  add 
the  numbers,  and  put  K  back  on  the  answer* 

EXAHPLE;    Calculate  the  Total  Resistance  (Rt)  of  this  circuit* 


Q-16    Calculate  the  Total  Resistance  (R^)  of  these  circuits* 


17 
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A«15    «t  ril««t*tth«  flov  i«  not  coAtrollttd  by  tbt  *'ikuab«r"  of  ' 

vilv««t    It  im  Gontrolltd  by  tha  "aattlnfe**  of  th«  valvae, 

b*  mie«tt«oM  raeiitor  can  '^control**  tha  aama  aa*  fiva* 


TOTAL  RESISTANCE  (cont)      "    ,  p   ^  '  ^ 

Tha  ability  to  rapidly  and  aaaily  convart  rasistanca  valuas  in 

ohma  and  kilo-ohna  is  Important.    It  almplifiaa  circuit  calculations, 

and  reaulta  in  a  higher  laval  of  accuracy* 

|tha  following  circuits,  hava  resiatancas  in  otma  and  kilo^otma 

mlxed*upt    Solva  for  totai  resistance  (Rt)f  by  converting  all^tha  . 

resistor  values  to  either  otimSi      kilo^ohms,  then  add.    Provide  tha 

ansvera  both  ways  (ohms  jQjL  kilo«ohms)* 


LE!    Solve  for  Total  Resistance  (lit)  kilo-ohms* 


»3kA  -  200A 
lOOA  -  lOOA 
,2Sk/t  -    350  A 


-  R|    +    R2    +  R3 

-  200   -I-  100   -I-  350 

-  650jrL  -  .65kjrL 


Q*17    Solve  for  Total  Resistance  (R^)  in  ohms  ^n^  kilo-ohms^ 


1.4  m. 

.Zkn. 


I  .00%  A.  50/1. 


4n. 
WW 
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A.    30a  b'.    13knp  c*  600a. 

THE  APPLIEO  VOLTAGE 

Ka  the  battery  la  the  source  of  power  "applied*'  to  the  circuit* 
It  will  now  take-on  a  new  name  the  APPLIED  VOLTAGE  ^[Symbol  E^), 

Soon^  there  will  be  other  "voltagea^^wlthln  the  aeriee  circuit* 
end  the  "Applied  Voltage"  (E^)  must  be  kept  separate  from^hem. 


BATTERY 
VOLTAGE 


THE  TOTAL  CURREMT 

Ontll  now*  the  electron  flow  thru  the  circuit  was,  referred  to  as 

simply  the  ^'current  (I)".r  It  will  now  take^^on  a  new  name  the 

TOTAL  CURltENT  .f Symbol  Often  In  electronic  circuits,  there  Is 

more  than  one  ^'current"  flowing,  and  these  must  be  kepr  separate  from 
the  Total  Current  (I^)*    Only  the  Total  Current  (I^)  flows  out  of.  and 


back  Into  the  battery.  ^  ^.^^^^  ^ 

'  r    TOTAL  CURREWT  <; 

Total  (it)  'X 


FLOWS'OUT  OrrAND  BACK  IHTO 
THE  BATTERY. 


THE  TOTAL  RESISTANCE  (Review) 

The  total  opposition  xo  t^e  flow  of  electrical 'current  Is  called 
the  TOTAL  RESISTANCE  (Rt) .    It  limits  the  amount  of  electron  flow*  out 
of,  and  back  into  the  battet7.    It  controls  Total  Current  (I^)* 

1 


Q'18  a.  The  voltage  produced  by  aoy, power  source  ts  referred  to  as' 

'  the  _J  voltage. 

b.  The  total  opposltlom  to  the  flov  of  electrons.  Is  called 

resistance. 
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380 A  <.38kA>' 

«. 

d. 

2,900jx  <2.9kA) 

b. 

1,020^  <1.02)Uk) 

e. 

3,100ui:  (3.lKn.} 

e. 

420a  (.42:ka) 

t. 

71a  (.071kA) 

CALCm^TING  TOTAL  CURREHT  <It> 


^  Follovlng  the  calculation  for  Total  Rasistanca  (Rt)*  amount 
of  Total  Current  (I^)  flowlnft  la  dataralnad  using  Ohma  LaV* 


a«    ippll«d  voltaga  it  ii  th«  «l«ctroiiotiv«  forM| 

«ppli44  to  th«.cltcuit|  and  it  vill  fotc«  «l«cttons  to 
flow  thru  th«  circuit « 

total  t<ilifnc<  <at)'*'*th*  total  oppoiltion* 


HEA5URINC  TOTAL  CURRENT  <It) 

Although  the  Total  Curronc  <It}  ifl' described  aflt    **the  curtenC 
flowing  out  of,  and  back  into  the  baccety*\  it  can  be  measured  at  am 
point  in  a  Seriea  Circuit.    No  matter  where  the  current  is  meaauredi 
the  readings  will  all  be  the  same*    Observe  the  ^'hydraulic  analogy**.. 


THE  ELECTRIC  CIRCUIT 

the  flow  of  electrons  thru  a  Seriea  Circuity  can  be  measured 
at  any  point.    An  ampere-meter  reading,  anywhere  in  the  circuit,  ^ie 
a  measurement  of  the  Total  Current  <I(}.    This  is  NOT  true  of  all 


electronic  circuits,  but  it  IS  an  important  point  in  Series  Circuits* 


The  Mow  of  Current  >  ™ 
can  be  measured  at  any 
point  in  the  circuit. 


Q-20  a*  The  current  floving  out-of »  and  bacV*into  the  battery  is 

called  the   current* 

^  b*  T**F  The  amount  of  total  currant  flotflng,  can  ba  aeaeured 
*t  only  ONE  point, 
c.  Would  it  be  possible  for^two  aametere  in  a  Seriep  Circuit 
to  have  different  readinRS?  (Yes-Ho) 
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S02 
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a.  2^  (.OOZA) 

b.  AaA  (.004A) 
e.    .5A  (SOOmJI) 


d.  4^  (.OMA) 
«.  6mK  (.006A) 
£.    .SaA  (.0005A) 


calcuuhhg  toVal  resistance 

>   If  Che  ^ppll«(/ Voltage  (E|^)  and  Che  Tocal  Currenc  (1^)  are  known* 

,  I* 

Che  Tocal  Realscanee  (R^)  eait  be  decermlned  ualng  Ohma  Lav.  tc  la  HOT 
necessary  Co  know  cba  realacanee  of  each  raalacor. 


EXAMPLE!    I)«cemlne  Che  ToCal  Realacanee  (R^)  and  Ri 

£11  M  W 

f 

E,  Zn^v    Rt<  •  lkn.jR2 


3c  jv 


E  E. 


18V 
3fflA 


/since  Che  Total  ReslaCaoce  1 
/  (Rt)  ■  ^^'^  t  then  by  sub-  / 
I    crecclon*  Rj^  musc  be  3l^*f 


ERIC 


CALCUUTIMC  THE  APPLIED  VOLTAGE 

If  Che  Tocal  ReslaCanee  (Re)*  end  Che  toCal  Currenc  (Ic)  are 
known,  Che  Applied  VolCage  (E^)  eatt  be  decermlned  ualng  Ohma  Law. 


2iiiA 





E  -  I  •  R 


Eg  -    It    •  Rt 

-  2nA  •'12ICA 

-  24V 


Q-21    Solve  for  Che  InSleaced  mlaalng  vol cage,  or  realacanee. 

(a)  ,  (b)  *  (e) 


[3aA|  ^^^M>i 


r 


T  --  y 


40V 


^  .  22 


609 


total  Mtrant  (tt) 
v.   r«lM««««lt  c«Q  b«  sMfiucail  at  ny  mmhn  of  polota* 
««   lta««««lf  tm  MMtwi^htTt  dlffcrttQt  Mtdlngf,  ou  of  tha 
Mtwa  U  brokw* 


PRACTICE  PROBLEMS 

■  p 

Ttat  your  skiris  in  ^erlM  Clcculcs  with  th4i  problems  which 
follow.    The  flrat  step  Is  to  make  aurc  of  the  '^queBtlon^\    Then  form 
a  **plan  of  attack**  toward  the  soluclon. 


NOTE:'Ue  dare fu),  of  the  declina^joln^  In  the  following  problems. 
'(S)  /  (h)  •    ^  (1) 


—  1.4V 


L0. 


200a 


t 


2.  3  a 


A*2l 


a.   Sk  (Rc  "  6ka)         b«   SOV  (Rc  -  10a)  9k  (Rt  -  20kiC 


VOLTAGE  DROPS 

If  ch<  two  leads  of  a  volcmaccr  are  placad  on  opposlcc  gldcq  of  a 
reslscor  (In  an  operaclng  Serlas  Clrculc),  Che  mecer  will  Indlcace  a 
parclcular  "volcage**  reading*    This  volcage'rcadlnet  Is  referred  Co  as 
Che  reslacox's  "volcage  drop"* 


To  beccer  see  chle^  refer  Co  Che  "hydraulic  analogy**  for  a  nooienc 

(JTater  plow 


Is  one  of  Che  valves, 
compleCe  WaCer  syscem 


Uua  to  Che  valve  chere  Is  a  "p^^s^u^  ^^^P*t  vblch  can  be  measured 
by  connecclng  a  "pressure  macer**  across  vhe  valve» 
PRESSURE  METER 


0  WATER  FLOW 


A  small  amounC  of  che 
vacer  la  forced  Co  flow 
chru  Che  "pressure  meCer 


'^The  reading  on  Che  pressure  meCer  Is  decermlned  by  hov  much  wacer 
Is  forced  Co  flow  chru  lc»    This  of  course,  depends  upon  Che 
Che  "oncoming  waCer*',  and  Che  opposlcion  (secclng)  of  Che  valve* 

PRESSURE  DROP  ADDtTIOH 

If  Che  "pressure  drops"  across  all  of  Che  valves  In  Che  syscem 
are  added  CogeCher,  che  answer  will  be  e<tual  Co  Che  pump  pressure > 


q-23        Tbe  volcage  meatured  acrosa  a  reslsCor  (in  an  operaclog  . 

clrculc) »  Is  called  a  volcage  

b»  .T<^P^To  measure  a  'Vrolcage  drop**,  che  leada  of  a  voltmecer 

muse  be  placed  on  che  sa»c  side  of  che  resiscor. 
c»  In  a  hydraulic  ayacem»  If  all  cbe  **pressure  drops**  are 
added  CogeCher,  cha  aoawer  la  equal  Co  che  -pressure* 
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BQ5 


A-22 

«.  2A 

d. 

SOOa  (Rc-Ik) 

.8- 

45CLfL  (Rc-.7k) 

b.  2tV 

«. 

h. 

t.6V 

c. 

f. 

12V 

ISO  A  (Rt^*.2lC) 

RESISTOR  VOLTACE  DROP 

The  volCage  measured  acroaa  a  realaCot  (by  a  volCmeCer) ,  la  called 
 chac  realacor's  **volCage  drop**. 

Aaaume  Che  flow  of  electrons  thru  a  realscor.... 


•£LECTRO»  FLOW 


this  Is  one 
rests Cora 
operating 
Clrcul 


Acroas  che  reslscor  chere  iB  a  *Voicege  drop'*, 


of  che\ 
,  In  an  1 
g  Series  \ 


which  can  be  measured  by  connecting  a  **voltiaeCer**  in  parallel  with  Che 
reaiscor. 


VOLTMETER 


small  amounc 
electron  flow  i 
hru  Che  voltnccer 


EL£CTRO»  FLOW 


c  of  Che  y 

s  forced  X 
er..  / 


The  reading  on  Che  volCmeCer  is'deCemified  by  how  much  of  Che 
eleccron  flow  is  forced  chru  ic^    This  of  course^  depends  uT>on  Che 
force  of  Che  "oncoming  eleccron  flow**»  and  ch^  opposiclon  of  Che  resiscor. 
VOLTMETERS 

A  voltmeCer  is  a  "high  resisCance  device'*; 
IC  requires  only  a  v^^^m^ll._tlw  of 
eleccrons  (chru  ic)^  co  produce  a  reading. 
MosC  of  Che  Cijae»  Chis^  small  elecCron  Clow 
is  only  a  few  **micra*a]Dperes** »  and  ic  does 
^01  *'upsec**  Che  accual  circuic  currenc. 


0*24  a.  T*F  To  aeasure  a  voltage  drop,  the  voltaecer  la  placed  in 
**aeriea**  with  Che  reaiacor. 

b.  T*F  A  voltmecer  la  a  high  reaiatanca  device. 

c.  If  the  currant  chru  a  reaiscor  bacooea  greaCar.  the  voltage 
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.7.3 


Ar23    f*  drop 

b«    fala««t««th«  tuo  iMda  of  tha  voltMtar  miac  b4  pl«ccd 
on  ^'oppoalta**  aldaa  of  tha  r«alator«    Both  laada  on  tha 
aana  ald«»  would  glva  a  ^'aero**  raadlng* 

c>   DmiD  ptaaaata* 


CALCULATIMC  VOLTAGE  DROPS 


1 


The  voltage  drops  acrofls.eacK      |^  ^ 
reslator  In  a  Series  Circuity  are  "'    "IST  £^         j  ^2jf 
labeled  Ejtj.  Erj,  Er^  etc.* 

The  amouni.  of  voltage  drop 
across  each  Teals  tor ,  can  be  cal- 
culated using  Ohms  Law. 


E  -  I  •  R 


-  I. 


Rl 


-  1 


R2 


In  a  Series  Circuit,  there  Is  only  OWE  current,  the  Total 
Current  (I^).    Therefore  the  curtent  thru  Ri  (Ir^).*  the  current  thru 
R2  (1^2)*-^"^        current  thru  R3  (Irj)*  ate  all.  the  same,  and  equal 
to  whatever  the  Total  Current  (I^)  actually  is.  , 

KIRCHOFF'S  VOLTAGE  LAW 

One  of  the  most  Important  electric  laws.  Is  Klrchoff*s  Voltage 
Law.    It  states  (In  effect):    All  of  the  voltage  drops  added  together 
will  equal  the  battery , voltage. 


L  equal  the  battery , voltage,  ^^'^^^^^^^^m^^^^^^^^^ 

f       KIRCHOFF'S  VOLTAGE  LAW  ,  | 

] 


0^23  «t  T-F   A  voltage  drop  1b  created  whenever  cnrrent  flows  thru 
a  resistor. 

b.  T-F   Klrchoff'a  taw,  la  the  aaaa  aa  Ota' a  Law. 
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^^"^^         P«lMt4t4th«  n«t«t  miit  b«  pUc«d  in  "p«rmll«l"  vlth  th« 

r««l«tot*    In  "i«tl«i*'  th«  high  M«l«t«nc«  of  th«  volCnaUt 
mul4  itop  tlM  flov  of  cuttftnt* 
h*  Ttu«4t4tth«  *1ilgh«t**,  th«  '*b«tt«t*\ 
Ct  TtiM«t«;du«  to  th«  grMt«t  fotc«  of  tlM  «l«ctton  flow* 


CALCULATIKC  VOLTAiGE  mOP^  (cont) 

To  calculate  the  voltage  tlropa  acrose  each  reslator^  multiply 
the  circuit  current  (I|;)  ^nj^g  the  reslq^pnce  (ohms)  of  each  resistor^ 
^ij^AMPLp t    Determine  the  voltage  drop  across  each  resistor* 


Calculate  the  Total  Resistance  (R^) 


^t  *    ^1    *    ^2   *  ^3 


-  12lcn. 

Calculate  the  Total  Currenc  (I,.) 


24V 


12lCr 


2mA 


©Multiply  the  current*  times  /rv  Use  Kirchoff s  Volcage  Law^ 
each  resistor.  Vi/  to  "check"  the  work. 


^Rl  ■  ^Ri  •  ^1    ■  2mA  •  AKn.  •  flV  «  Ej^^ 


^R2 
^R3 


^R2  •  ^2 
^R3  •  ^3 


2mA 
2mA 
2t^A 


4kn.  •  flV 
6kci«  12V 
2kA«  4V 


+    Er2    +  %3 


8V     +    12V    +  AV 
24V    «  Battery  Volcage 


Q-26    Calculate  each  resistor  voicafte  drop«  In  the  circuits  below* 


A^25       Ttut.»**Aiid  thtit  volttga  dropt  mtm  v«ry  UMful. 

FAlM».**Ohi't  Law  d»la  vlth  th«  flw  of  current. 
^  Klrchoff^e  Law  deals  with  "the  em  of  the  voltage  drope". 


USE  OF  VOLTAGE  DROP^  .  ^  . 

The  ^Voltage  drop**  appearing  acrosa  any  realator,  will  create 
the  eame  ttffecta  as  the  voltage  from  e  battery*    A  lOOV  'Voltage  drop" 
will  produce  the  eeme  electrical  "shock"  es  a  100  yblt  battery*  / 

DANGER! ! !  B      "^DANGER! ! ! 

100  VOLTS  ^  PI        ^100  VOLTS 


The  voltage  drop  across  a  reelstor  can' be  uaed  to  operate  e 

transistor  radio/  In  place  of  the  regular  battery* 

^  DO  TOT  dAMAGE  YOtJR  RADIO 

Some  other  special  circuit 
considerations  must  be  met 
before  substituting  a  volt- 
age drop  In  place  of  the^ 
normal  battery  required* 

The  "voltage  drops'*  obtained  across  reslators  are  used  to  provide 

the  ^'operating  voltages*'  for  other  electrical  components. 


THIS  TRANSISTOR' 
HEEDS  SV  TO  UORX 


THIS  XHTECRATED 
CXRCUIT^  HEEDS 
12V  TO  WORK 


THIS  TUBE. 
HEEDS  4V 
TO  WORK 


w 


Q-27    Calculate  each  resistor  voltage  drop.  In  the  circuits  below. 

Rl    M 

^^^^^A^^"^^  ^^^^^^^ 

I  (a)    4ka        I        I  <b)  :  6a 

Lft,^R2 


~  2kA^R2  30V 


R3 


28  , 

300 


G09 
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a.  Erj 

-  4V 

b.    Erj  - 

15V 

C.  - 

30V  .  ' 

-  2V  . 

lOV 

2it2  - 

12V 

Sjl3 

m  6y 

* 

isv 

18V 

COHBIMIMC  VOLTACE  DROPS  \ 

The  volcage  drope  across  cvo  or  more  separac«  realscorsi  can  bo 
combined  CogeCher  Co  Conn'addlClonal  volcage  varlaClons.    EXAHPLEt  ' 

2V  W-i  r-t^ 


USING  KIRCHOFF'S  LAW 

"The  sum  of  the    voltage  drops    equals  the  Applied  voltage  (Ea)" . 
If  oM  of  the  resistor  voltage  drops  Is  not  indicated^  It  may  be  deter-' 
mined  thru  ^'subtraction^'. 

EXAMPLE:    What  is*  the  voltage  drop  across  R2? 


All  the  voltage  drops 
added  together,  must 
equal  the  battery. 


E,  lOV- 
.  1_ 


The  voltage  drop,  for 
R2f  must  therefore  be 
equal  to  SV. 


Q*2a  a.  T*F  The  voltage  dropped  acroaa  a  reaiator^  -can  be  calculat*} 
ed  ueing  Klrchoff*a  Law« 
b«  Klrchof£*a  Law  states:  '*The  sua  of  the  voltage  drops, 
equals  the    -    voltage**  * 

c.  T*F  Tm  voltage  drops  can  be  combined  togethert  to  f on 
a  third  **usable"  voltage. 

d.  T*F  If  the  Current  Cloving  thru  a  resistor  increases^  the 
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BR3  -  12V 


b.    Erj  M  tSV 


E|t3  «  U6V 


PRACTICE  PROBLEMS 

T«fit  your  skllU  In  Seriu  Circuits  with  the  problems  which 
follow.    The  firot  itep  is  to  make  sure  of  th«  **(tuestion*'.    Then  forn 
a  **pldn  of  attack"  toward  the  aolution^ 


<H29    Solve  as  indicated. 


2Vrt. 


r0i 


—       -  t  2,'. 

L 


L0J 


^  T 


30 


A'2B  «t  Tru«ttt  tChru  '^iubcraccion^*    U«ing  Ohi*!  Uw»  ic  can  b« 
dacimliMd  Ming  '"teuXcipXicacion"  (E  «  t*^)* 
h,  AppXiad  VoXugtf  Oa) 

c.  Tru«****aiid  chii  Is  ofcin  dona  in  aXaccconie  circuici* 

d,  TttiattttChi  InetaiM  ol  outtanc  can  bi  cautiad  by  a  biggat 
battagy.  or  tha  raduetlon  ogjgpiKttlcioii  of  anochar  raiiiCor^ 


ELECTRICAL  POWER  . 

The  flow  of  Qleccroni  chru  soma  Cypa  of  opposicion,  produces 
heaCt    When  alaccrical  cbtrenc  flows  chru  a  lighc-bulb«  haac  is  gan- 
eracadt    Soldaring<-iron0  depend  upon  chis  conversion  of  eleccrical 
energy  inco  heac*    The  resistance  wire;  used  in  eleccric^Coascers,  is 
heaCed  by  Che  flow  of  large  quancicies  of  eleccrons* 

Of  course^  resiscors  offer  opposition  Co  eleccrical  currenc«  and 
heac  will  be  generaced  yichin  chem*    Wich  proper  physical  conscruccion^ 
Che  heac  produced  will  noc  damage  Che  resistors*    However^  chis  heac 
muse  be  '*goCCen*rid*of"  inCo  chersurrounding  air*    If  noc«  Che  heAc 
will  concinue  Co  '1»uild-up'\  unCil  Che  resisCor  is  damaged* 


/tfii 

(± 


Carbon  Cype  resiscora  can  wichscand 
only  small  amounCs  of  heaC*  


Wire-'wound  resiscors  are  used  when 
larger  amounCs  of  heac  are  involved* 


The  "physical  size"  of  a  resisCor  (iCs  surface  area),  is  Che  main 
facCor  which  deCermines  how  much  heaC  iC.  can  "dissipaCe"  (geC-rid-of )  + 
Therefore p  carbon  and  wire-wound  resiscors  haVe  many  differenc  shapes 
and  sizes*    It  is  ImporcanC  Co  undersCand  chac  Che  ^'physical  size'\ 
has  ncching  Co  do  wiCh  Che  resisCance  (ohms)  of  a  resisCor*    The  resis- 


Cance  depends  u^n  Che  maCerialo  used  "inside"  che  resisCor* 


Q-30  a*  Tha  fXow  <^f  alcccrona  chru  an  opposicion^  produces   * 

b*  To  "dissipate** »  uans  Co        '  - 

c*  T-F  Carbofi  ra'klacors  are  uaed  to  diasipace  large  amounca  of 

heac*  \ 
d.  Ty?  The  heat^  disaipaccd  by  a  raalscor    la  a  radio.  Is 
^^^^^uaefj^c^c^^paracio^^fjJl^^ad^^ 


\ 

— I 

V 
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4.5kn. 

d. 

12V 

b. 

«• 

W 

g.  lOV 

c. 

16V 

f. 

20V 

ELECTRICAL  POWER  (cont) 

Th«  gymbol  used  for  ch«  word  POWER  and  Che  unit  of  ma<iur€ 

for  electrical  power  is  the  WATT  (Symbol  W),  * 

As  might  be  expected,  the  heat  generated  within  a  reelatort  depends 
upoin  the  amount  ot  CURREHT  (I)»  and  the  RESISTAMCE  (R)  ofothe  realstor. 


i" — POWER"(HEAT)  -    CURRENT^    •  RESISTANCE 

\ 

This  basic  PiiVER  equation  Indicates  that  the  CURREHT  must  be 
"squared",  before  multiplying  It  times  the  RESISTAHCE. 

-  1^  •  R 
.    2^.  5 

m     U      '  5 

-  20  WATTS  (20U) 

y— — 

There  are  two  other  POWER  equations  which  could  have  been  used^ 


the 

same 

answer. 

P  - 

e2 

io2 

100 

  20  WATTS  (20W) 

5 

R 

5  * 

P.  -    E    •  1 

-    20  WATTS  (20W) 


Since  there  are  three  POWER  equations  which  can 
be  used  to  obtain  the  sacme  answer,  use  the  one 

which  Is  the  easiest depending  upon  "what"  Is  given  In  the-problem. 


32 


G13 


b«    allttltuca*  or  g«c-tld«of« 

c«  F«li«««il«tg«  attounci  of  h««c  would  d«m«g«  s  catboa  cypt< 
d«    r«lM«i«cho  h««c  li  v«ic«dt  and  la  conaldatod  4  *loaa  of 


WAHS  AND  HILLI'WAnS 

\^en  Che  taalsCancc  values  ata  given  in  unlc  6UMS»  che  clrcuic 
current  will  bo  in  unit  AMP£RKS«  Under  Cheso  conditions^  Che  POWER 
cdlculaClons  comd«ouC  In  unlc  WATTS« 

However^  when  Che  reslsCance  values  ax^  given  In  KILO'-OIMS ^  Che 
flow-o£  currenC  Is  liwf^^^o  Che  smaller  H1LLI«AMPERE>    WlCh  Chls 
reducClon  In  Che  flow  of  elecCrons*  Che  heat  generaCed  wlChln  Chf% 
-reslstors-wltl^bs-muGlv-smalloc^—When-the-Curte  ntula^measuredJn  


HILLI'AMPERES  (mA) «  Che  power  calculaCions  will  come-ouC  In  Clie 
smaller  HILLI*WATT  (mU)«    An  example  £ollowff  


EXAMPLE:    CalculaCe  Che  pover  dissipated 
'  by  Che  reslaCor.    '  >-\  ^ 

Qi- — 


I 


12V 


3kn. 


p  -  1^ 


16 


12V 

R 
3 

t  3 


4nA 


48  milli-watcs  (48mW) 


q-32    CalculaCe  Che  power  dissipated  by  Che  resisCors  in  Che  follow- 
circuits.    Give  answers  in  BOTH  watts  AMD  milli-watt9« 

(a) 


I 


12V 


61ct 
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TOTAL  POWER 

Wl)«n  there  ie  note  ch«n  OHE  reslicor  In  a  circuity  chtt  cocal  powar 
generated  by  chem  muse  be  calculated*    Thli  1«  called* tcalculaclng 
the  TOTAL  POWER  (Symbol    Pt  )♦        '  ^ 

To  decennlne  the  Total  Power  (P^)*  calculaca  the  power  dlsslpacttd 
by  each  individual  resistor^  then  ADD. 


RIC 


JrOTAL^EOWER_CEtU«_P(tj_^H^Il2--+™^^^^ 


EXAMPLE:^  Calculate  the  Total  Power  (P^) 


R^  "    Rl    +    R2    +  R3 


©It  - 


.12V 


6kA 


•  2irA 


©pri  ■ 

2^ 

'2               ■  - 

•iR2^  •    R2     ©  ^R3  ■ 
2^  •  1 

1r3^  •  R3 
2^  .  3 

m 

4 

•  2 

4.1  - 

4-3 

J  ■ 

8  ntllll-waccs 

4  mlUlAifaccs   "  - 

12  mllll-waccs 

© 


Pt  ■    PRj.  +    PR2   +  ^R3 


3nU    -f-    4mU    -f-  .12nU     -  24mU 
TOTAL  POWER- 
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a.  24  mlUl-wUt*  (24mW}    .024  watt*    (.024W}  ' 

b.  240  mlUl^vatt*  <240!M}  .24  watt*.  (.24W]^  ^ 
e.    6  BllU-vatt*  <teW}    .006  watta  <.006W} 


TOTAL  POWER  (cont}'> 


Savtral  oth«r  method*  can  be  used*  to  calculata  th*  Total 

Power  (Pg).    The  "total*"  of  Re«l*tance  (R^) .  Currant  (Ic)  *nd 

-  If 

Voltage  (Efl)  may  be  used.    ■ 

 It  Is  NOT  n<c€saary  co  deCftmliMB_|£.h<„ppvei^dlafllpflCeA^by— —  

every  raalscor  in  che  clrculc.  co  cdlculdce  th«  Tocdl  Power  (P^)i 

r 

i 

In  complex  clrculcs.  chls  would  be  dl£flculc  And  clift6*consualng^^  ' 
EXAMPLE 1    Calculate  the  Total  Power  (P^)  In  the  following  circuit. 


2kn. 


iKn. 


3kA 


12V 
2mA 
6kn. 


All  answers  ■•  24  mllll-wa 


31  2 
I        -  It     •  R 
I  2 
\        «    2    •  6' 
I 
    J  -4-6 

^M^24iiH 


Q-34   .Calculate  the  Total  Power  (P^)  In  the  following  circuit*. 


8kA 
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-  A-33 

a.        -  t2(kU  (aZH) 

POWER  DISSIPATION  W  POWER  RATING 

A  realstoti  In  an  operating  circuity  will  produce  heat«    Thl«  la 
called  its  POWER}  DISSIPATIOWi    However*  there  la  a  limit  to  the  amount 
of  heat  a  particular  resletor  can  withstand^  without  damage.  This 
"limit"  la  called  ita  POWER  RATINq. 

The  POWER  RATING  of  a  realator  la  determined  by  Ita  phyalcal 
alze  (surface  area).    Carbon  realators  are  typically  **rated  at"  

h  watt  jj  „att  1  ,  . 

(500.W)  (looS 

Suppose  the  power  calculation  for  a  realator  caae-^out'to-be 
t200mW.    The  smalleat  POWER  RATIWG  that  could  be  used*  would  be  the 
2  H^tt  (2000mW)  sl2e*    Anything  OTaller  would  ^'bum-up". 

If  the  power  calculation  caine*out  to  be  300mW,  the  minimum 

POi^TR  RATING  that  could- be  used»  would  be  the  H  watt  (SOOmW)  size, 
w  ■  ■   *  ^ 

Above  2  watts  (lOOOmW),  wlre^^wound  realators  are  employed^ 

They  are  capable  of  withstanding  greater  amounts  of  heat. 


25  WATT 


The  POWER  RATING  for  the  realstora^^ 
will  be  ahown  In  the  **pArts  Hat**  accompanying  the  equipment. 


Determine  the  nlainum  POWER  RATING  for  theae  realatora.  Cbooee 
from  the  PWER  RATINGS  Hated  above. 


T  
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1.  40U 

b.  300W 

PRACTICE  PROBLEMS 

TtiC  your  ikllli  in  Serl«i  Clrculci  with  the  problcmi  which 
follow.    Tht  first  icap  I0  Co  mak«  sura  of  chft  ^*qu«sclon".    Than  form 
a  **plan  of  sccsck*'  coward  cha  soiuclon« 

This  sarlas  of  problems  will  scare  ^'sliiipla*^  and  prograss  Co  cha 
more  ^^dlfflculc^*  cypas.  A  Use  of  cha  chraa  Ohm*s  Law  equaclons^  and 
cha  various  power  aquaciona  may  make  chs  work  fascer,  and  mora  accursce. 


Q->36   Solve  as  indlcacsd* 

(a) 


12V 


4a 


4V  20a 


(8) 


r 


p  -  7 

4V  8a 


(b) 


r 


.3V         R  -  7 


6iaA] 


(h) 


(c) 


f 


.20V        R  -  7 


(1) 


~  1.5V 

1^ 
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A-35  : 

.  «.  4O0WU 

MINIMUM  rOWER  RATIHG.. 

PRACTICE  PROBLEMS  (cont) 


^  619 


3A 

.2A 

a. 

d. 

2W 

b. 

16V  , 

a. 

.Sen 

h. 

lOOnW 

c. 

4V 

1. 

9W 

PRACTICE  PROBLBtS  (c^fOt) 
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A-39 

a.  15V 

c.  UV 

a.  4V 

b.  12V 

d.  TV 

f,  5V 

PRACTICE  PROBLEMS  (cont) 

1 


A-40 

e,  2,5Ica 

■.  Skjx 

b,  3le/\ 

f.  3a. 

Thft  icudy  of  S«rUi  ftailiclv*  Clrculci  should  HOT  end  tiAr*.  Kor« 
«dv*iic*d  ch«ory  InvoXvlas  ch«i«  drculci  !■  *v*lX*bX«  la  c«xci  obc*la«d 
AC  T«chiilc*X  Study  C«ac«».  ^  UiA  of  chAM  c*chnlc«l  pubXlcACloai  wlXX 
broadtfa  your  und«ric*ndlfig  la  chli  lubjccc  *r«*i 

Thli  CMC  hM  r«vl«W€d  ctM  bMlc  r*XftCloiiBhlpi  b«CwMai  VoXc*g«« 
CurreaCp  And  R«ilic«ac«i    The  conc«pCi  of  **voXc*s*  dro^i'\  *ad  EX«cc- 
rlc«l  Pov«r  hAVtt  bMa  Incroduced*  . 

Th«  cftXcuXttCloai  InvoXved  la  chcflc  S«rl«i  ClrculCi,  fuad«Mac*X 
Co  «1X  EXcccroalc  clrculci.    The  uic  of  OhmS  *ad  Kirchoff 'a  L«w8  vlXX 


'^ouctfiue~la~iv«y^«re«-T>f--th*-EX«tTOttlc»'^^  

Sttrl«e  Clrculce        uetd  In  every  type  of  EXeccroalc  equlpaeac. 
They  euppXy  tttny  of  Che  needed  *'operecltsg  voXcegee^Vtor  crenelecore* 
lacegreced  clrculce,  end  cubee.    Tour  eblXlcy  Co  XQMCe  croubXee  la 
chle  cype  of  clrculc,  depende  XergeXy  upon  your  un&erecendltsg  of  che 
expecced  reeuXce  end  perfonuace  of  Serlee  coionecCe^il^dvpdneaCii 


The  Series  Reiliclve  Clrculc  ...che  *Toundecloa**i 
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a.  ftOU 

c.  lOOW 

«.  6AW 

b.  72nW 

d.  72aW 

t,  ftOOnW 

NOT£S 
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ELECTRONIC  pamaPLEs 
MODULE  7 

Thia  Guidance  Package  Is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course.  It  contains  specific  infonnatlim,  including  references  to  other  resources 
yoJ  may  study,  enabling  you  to  satisfy  the  learning  objectlvea.  , 


CONTENTS 

TITLE  PAGE 

Overview     *  ^  I 

List  of  Aeaouroes  .              ^  2 

Digest    ^ — 3 

^Adjunct  Guide  5 

Module  Self  Check  13 


OVERVIEW 


SERIES  RE3ISTIV^  ClRCUtT 


1.  SCOPE:   !fhe  baalo  circuit  In  «l6Ctronic0  la  the  Barlei  circuit.  Even  complex  clrculU  are  ^ 
interconnected  derlee  clrcultd.  ThUi  module  dlecusied  the  requlramenti  of  a  DC  circuit  and 
the  application  of  Ohm'e  law.  You  will  $olve  DC  aarlei  realatlve  circuit  problemi  for  realetance. 
current,  and  power.  )  * 

2.  OBJECTIVES:  Upon  completion  of  thla  module  you  ahould  be  able  to  aatlaiy  the  following 
objectlvea; 

a.  Given  four  dlagrama,  aelect  the  one  which  aatletlea  the  requlrementa  tor  a  DCdrcult. 

b.  From  a  group  of  statementS|  aelect  the  bne  that  describes  Ohm^a  law  as  related  to 
current,  voltage,  and  reslatance. 

c.  Given  a  aeries  circuit  achematlc  diagram  and  formulaa,  solve  for: 
{1)  total  resistance*. 

{2)  total  current. 
(3)*^  total  power. 


AT  THIS  POINT,  YOU  MAY  TAKE  THE  MODULE  SELF-CHECK. 

IF  YOU  DECIDE  NOT  TjO  TAKE  THE  MODULE  SELF-CHECK, TURNTO  THE  NEXT  PAGE 
AND   PREVIEW   THE   LIST  OF  RESOURCES.     DO  NOT  HESITATE  TO  COTOULT  YOUR 
INSTRUCTOR  IF  YOU  HAVE  ANY  QUESTIONS, 


ERIC 
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LIST  Oi;  RESOURCES 

SEIOCS  R&3ISTIVE  ClftCUIT 

*To  aatlaf/  the  objectlrea  of  this  modulflt  you  iMy  dhooa^,  Mcordlng  to  your  tralnlnff/ 
flxpertencflv  and  prflfflrencflfl,  any  or  all  of  th«  fdlowlng: 

READmC  MATERIALS:    ^  ^ 

Digest  , 

Adjunct  Guide  with  Student  Tex^ 
AUDIO  VISUALS: 

Television  Lesson>  Series  ReslsUv^'circuita^  TVK  30-lOlL 

Television  Lesson^  Power/TVK  30-lOlM 


SELECT  ONE  OF  THE  RESOURCES  AND  BEGIN  YOUft  STUDY  OR  TAKE  THE  MODULE 
SELF-CHECK.  ? 

CONSULT  YOUR  INSTRUCTOR  IF  YOU  REQUIRE  ASSISTANCE. 

2 
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sEraEa  HfiaanvE  aHcuiTs  t-^ 

CinCUIT  HEQUIflEMENra  * 

In  order  to  have  a  pracUoal  OC  drculti  certain  conditions  muit  extet,  thent  must  be  a 
powe^  eourcet  a  load  device,  and  a  conductor.  All  of  tbeae  comporienfa  muet  be  ^connected 
In  a  manner  to  provide  a  complete  path  for  current  flow  from  the  negatlvt^tennlnal  of  the 
source  to  the  positive  terminal  of  the  aourcsu 

OHM*a  LAW 

in  any  circuit,  current  (I),  vcdtage  {£),  and  resistance  (R)  conforms  to  OHM'S  l:AW  which 
states  that,  current  In  a  drcult  Is  directly  proportional  Jo  the  applied  voltage  and  Inversely 
proportional  to  the  resistance. 

E  '      ■      ^  ' 

Therefore:  .  r 

And!  '     £ » IH  ^  ' 

SGRIES  CIRCUIT  ANALYSIS  .  . 


In  a  series  circuit,  alt  components  are  connected  end«to-end  and  there  la  only  one  path  for 
current  flow.  %idy  the  circuit  shown. 


25  kit 


R3  lOk-n. 

in  a  series  circuity  total  resistance  la  found  by  adding  the  Individual  resistances. 


Or:  Rj  =  Rl  +  R2  +  R3  + 


.  Then:  R^  »  25  kjx  +  5  kit  -i^  10  IcA 

Rj  =  40kJlu^ 

To  find  current^  use  Ohm's  Law. 

E 

Or:  I  i  * 


0 


.40  V 

Then:  I 


40  Ic^ 
I  =  1  X  10'^  A  or  1  mA 
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DKIEST 

I 

When  currtnt  flowa  through  a  load  device^  heat  Ui  i)roduc«d  and  electrtcal  power  li  consumed 
or  dlf elpated.  The  power  dissipated  (P)  Is  nuasured  In  watts  (W)  and  la  calculated  from  the 
following  formulas: 

P  -  I^R 
p  ■  r" 


p  «  IE 

Find  the  power  dHaslpated  In  figure  1. 

P  =  I?R 

P-(lxlO"V  X  (40x10^) 
P»(lxlO"*)  X  40x10^ 
P*4rx:0"^  Wor.04W 


YOU  MAY  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 


ADJUNCT  OUIDE 

SERIC3  RESISTIVE  ORCUITS 

INSTRUCTIONS: 
Stuilty  th«  r6f«renced  mattrtali  ai  dlrectid. 
Return  to  iblM  guide  and  aniwtr  the  questloiui. 

Cheek  your  answeri  agalnat  the  auwert  at  the  top  of  the  next  even  numbered  page  foUowltigc 
the  queitloni. 

If  you  es^ertence  atiy  difficulty^  contact  your  inetnictor. 
Begin  the  progranii 


A,  Turn  to  Student  Text  Volume  1  and  read  paragraphs  5-1  thru  S-10.  Return  to  thla  page  and 
anewer  the  following  queetlone* 

1,   Wbat  are  the  three  basic  requirements  for  any  circuit? 


2,  In  the  external  drcultt  current  flow  la  always  from  to 

3,  The  formula  for  total  resistance  In  a  series  circuit  la   

4,  The  formula  for  Ohm's  Law  is  

5,  Ohm's  Law  states  that   


CONFIRM  YOUR  ANSWERS  ON  TBE  NEXT  EVEN  NUMBERED  PAGE, 

B,  l\irn  to  Shident  Text  Volume  I  and  read  paragraphs  5**11  thru  $-24,  Return  to  this  page 
and  answer  the  following  questions, 

1,  The  sum  of  the  vdtage  drops  in  a  aeries  circuit  are  equal  to  the  ,  , 

I 

2,  Id  a  series  circuit  containing  Ht  and  td,  if  E^^^  ecpials  tO  volts  and  Ej^  equals 

30  volts,  then  E_  equals   , 

"  ,  i 

3,  To  and  "R",  what  must  be  known?  [  .  , 

4,  TO  find  "E     vrtut  must  be  known?  :  . 

5,  TO  find  'T     what  must  be  known?   :  , 

CONFIRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 


5 
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ADJUNCT  OUIDE 


ANSWERS  TO  A: 


source  Of  power,     load  device^  conductor. 


2. 


negative  to  poaltlvei 


3. 


4. 


5.   The  current  In  a  circuit  10  directly  proportional  to  the  applied  voltage  and  Inversely 
proportional  to  Its  reattftancei 

If  you  missed  ANY  qyeationfl,  review  the  material  before  you  continue* 


ANSWERS  TO  B: 
K   Applied  vdtage 

2.  40  vdltfl 

3.  E&l 

4.  I  &  R 

5.  E&R 

If  you  missed  ANY  questions,  review  the  material  before  you  contliuiei 


l\irn  to  Student  Text  Volume  I  and  read  paragraphs  5-25  thru  5-39*  Return  to  this  page 
and  answer  the  following  questions* 

1.   Kirchhoff*s  Law  for  current  states  that .  


2.  Klrchhoff's  Law  for  voltage  states  that 


6 
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3,  What  li  the  r«0litaac«  of  RS? 

ft.  80  meffohma 
.  „,  b,  10 megohnii 
,  ,c.  8  megohms 
^      A.     5  megohms 

4,  What  U  the  resletance  of  H? 

ft-     S  k  ohms 

b  ijD  k  ohms 
30  k  ohms 
N6ne  Of  the  above 

5,  What  IB  the  value  of  R4  7 

a.  400  ohms 

b.  200  ohms 
c*     50  ohms 

 ^d.     40  ohms 

6,  What  Is  the  value  Of 

ft-   10  k  ohms 

 b.   1$  k  ohms 

g-  $  k  ohms 
20  k ohms 

7,  What  is  the  total  resistance? 
,  „  ,  a^    13  k  ohms 

b.   2$  k  ohms 
c*   192  k  ohms 
 d.     S  k  ohms 


■0 


10  UA 


—  lOOV 


R1 
2M  a 


R2 


R1 


I  

lOOfi 
165 


I  v\Ar 


■AAAr 


200  fi 
300  mk 


50  fi 


1  1  v^^, — * 


—  100V 


R6=:Kfi     R5  =  4Kfi, 

— WV  WV- 
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ADJUNCT  OUmB 

e.   What  li  the  total  eurrtnt? 
a-   0,0  ainpB 
^-  7tB  amps 
^-   3  amps 
,d-   3  mUllamps 

0,   The  cumnt  la: 
ft-  0,01a, 
01  mA, 
c-  0,2A, 
d-   20  mA, 

10*   The  cumnt  is; 

a,  5  mA, 

b,  50  mA, 
,  _c,    25  mA, 

d-   10  mA, 

11,  If  the  current  Is  10  mA*  E3  Is; 

,  a,  1,3  k  ohms, 

h.  2  Ic  ohms, 

^-  1  Icchms, 

d-  ,$kohms, 

12,  The  current  Is; 

a,  ,2  mA, 

_  , ,  ,  b,  18  mA, 

c  10  mA, 

-  -■LI -I  d-  ,5  mA, 


r 


6a 


-  «v 


3a 
■AAV 


4a 


3a 


r 


■AAAr- 


400  a 


3.5Ka< 


.IK  a 


|-0-n 


>10Ka 


soov 
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13.  What  IB  tho  applied  voltage? 
 ^a*    13B  V 

^  72  V 

c.    150  V 
 Ji.    210  V 

14.  The  voltage  applied  is; 

a.   2  mUUvolta 
,.b-   400  volts 
400  amps 
 d.    200  volts 


15.    If  Us  25 

nxA,  la: 

a. 

50  V. 

b. 

12.5  V. 

c. 

25  V. 

d. 

100  V. 

16.    If  I  is  2  RiA,  the  value  of  E  is; 


.a.    20  V. 


-b.    90  V. 


.c.  40  V. 
.d.    60  V. 


t 


JVW- 


ma 


6  ml 

-© — vw 


3Ka 


17.    From  the  given  Information,  determine  the  voltage  from  point  B  to  ground. 

£ — ©"^~~ — — r 


.  a.  -.76  volts 

_b.  -7.6  volts 

c.  -76  volts 

d.  -160  volts 


■OB 


■160V 


.6Ka 


10  nfc 


Z.4Ka 


■Z^Kfl 


■oc 


:SKa 
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D,  '  Turn  to  Student  Text  Volume  1  nnd  read  paragraphs  5-40  thru  5*60,  ftetum  to  ttila  page 
and  answer  the  following  queatlona. 

t.   Energy  Is  defined  m  .  . 


2.   Power  Is  defined  as 


3. 
4. 
5, 
6, 


9, 


10. 


When  1  and  R  ar9  known,  the  formula  for  power  Is. 


When  £  and  ft  are  known^  which  power  formula  Is  used?, 

When  E  and  1  are  known,  which  power  fionnula  Is  used?  

The  unit  of  measurement  for  electrical  power  la  the  

7.   The  lowest  powc  rating  for  ft  Is: 

 a.  2W, 

 b.   1  w, 

 c   100  mw; 

 d.   200  mW, 


r 


ITMV 


8.    The  power  dissipated     A,  Is: 

»  Li  . 

,  a.  160  watts. 

,b.  60  watts. 

  c.  120  watts. 

 d.  30  watts. 


What  Is  the  power  dissipated  by  Rl  ? 

 a.    480  mW 

 b.    192  mW  • 

'  e.   48  mW 
 d.   48  W 


What  Should  be  the  minimum  power  rating  of  R3? 

 a,    ,52  W 

 b.   2.5  W 

 C.    .25  W 

 d.   50  mW 


JVW 

R 


300 


160  oi 


10 
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11.   If  H4  dlaglpatea  halt  the  power  of  M,  P^  1«  eijual^toi 

 .a.    lOOemW.  ^  . 

 800  mW, 

 c,  828  mW.  \ 

'  ''d.    804  mW, 


ADJUNCT  GUIDE 


12,    Find  total  power. 

 a,    1.2  mW 

 b.   1,44  mW 

 P.    1,2  W 

d-    1,44  W 


100<w 


13,  Find  \, 

 a.  50  V 

 b.  60  V  \ 

 C.  500  V  ■ 

 id.    600  V 

?' 

14.  Find  total  power  for  the  circuit  in  question  13. 
 a.    100  mW 

 b.    200  mW 

 p.   300  mW 

 d.   400  mW 


1,2  ok 


5  bA 


1  k A 


15.    Find  total  power. 

 a.  2W 

 b.  .  IW 

 C.    20  mW 

 d.    10  mW 


3 


6  kn.< 
4  1ca6 


I  7k^ 

CONFIRM  YOUR  ANSJVERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

 ■  .  J  


300A. 


n 
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ANS»VEBSTOC: 

t.   The  sum  of  all  currents  flowing  to  a  point  must  be  equal  to  tlie  mim  of  all  the  currents 
flowing  away  from  that  point. 


17.  c 


2. 

The 

applied  voltage  is 

3. 

c 

to.  d 

4. 

b 

11.  a 

5. 

b 

12.  d 

6. 

c 

13.  c 

7. 

b 

14.  b 

6. 

c 

19.  a 

d. 

d 

16.  b 

Uyou  mlsfled  ANY  questlonSf  review  the  material  before  you  continue. 


AN5«VEflST0D:  ^ 

U   The  capacity  to  do  work* 

2.   The  time  rate  of  developing  Or  expending  energy* 


3. 

4. 

5. 

P  =  IE 

6. 

Watt 

7. 

d 

8. 

c 

12.  b 

d. 

c 

13.  b 

to. 

c 

14.  c 

11. 

c 

15.  a 

If  you  missed  any  questions  review  the  material  before  you  continue. 

YOU  MAY  STUDY  ANOTHER  RESOURCE  OR  TAKE  THE  MODULE  SELF-CHECK. 

\ 
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SERIES  RESISTIVE  CIRCUITS 

QUESTIONS: 

U  What  are  the  three  tuitfio  requlremenu  ior  Any  circuit? 


2,  In  the  external  circuit)  current  flow  Is  ftlwftys  from  ^  to' 

3,  The  tormuU  ior  total  realetance  In  a  eerl«i  circuit  la   

4,  The  tormula  ior  Ohm's  Law  Is  

5,  Ohm's  Law  states  that  "  


6,   Energy  tfl  defined  aa 


7.   Power  is  defined  as 


6.  The  unit  of  measurement  for  electrical  power  Is  the, 
d.   In  the  circuit  shown  * 

a,   total  resistance  Is  . 

total  current  la  . 

c.   total  power  Is        ■    -  . 


Remembert  £  ^  IR  and  P  =  IE 


I 


-  300V 


lOKQ 


R3 

■AAA  

Ep3  « 150V 


13 


R2 
5Ka 


SELF-CHECK 

10,  Totftl  currant  is: 

fl-   2B  mA. 
250  mA* 
,  C,    1  A. 
 d.    2B  A. 

1 1,  Flad  totfll  resistance: 
.  _a,  1004^ 

bu   4  k  A- 

 (i*   6  k  -o- 

12,  Find  total  power: 

 a,  400 

 b,    400  mW 

g-    500  mW 


aS0  7 


liO  7 


L 


X 
L 


-AAAr- 


50CUV 
-A/VV— 


;b2  o 

IDOA. 


'R2 
2.5  k A 


.d.    1  W 


,13.  Select  the  diagram  tbat  satisfies  the  reqiuirements  for  a  DC  circuit. 


A. 


-VSAr 
2Ka 


■AAA*  1 

iKg  . 


■AAAr 


■■r 


R 

5Kg 


~30V 


0 


C. 


0, 


30O?  ~r 


loov 


CONSTRM  YOUR  ANSWERS  ON  THE  NEXT  EVEN  NUMBERED  PAGE. 

.4    ,      .  641 


SELF-CHECK 


15 
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SELF-CHECK 


ANSWERS: 

1.  aourcd  of  pomtf  load  devlcof  conductor, 

2.  negative  to  positive. 

3.  »  HI  +  R2  +  R3  +  etc, 
E 

4.  1  =  ^  . 

5.  The  current  In  a  circuit  la  directly  proportional  to  the  applied  voltage  and  inveraely 
'  proportional  to  Ita  reslatance, 

6.  The  capacity  to  do  work. 

7.  The  time  rate  of  developing  or  expending  energy. 


8. 

Watt 

9. 

a. 

30kju 

b. 

10  RlA 

c. 

to. 

b 

11. 

e 

12, 

b 

U. 

c 

have  you  am  ate  red  all  of  the  questions  correctly^  if  not,  review  the 
material  or  study  another  resource  until  you  can  ansater  all  questions 
:;*>hkectly,  if  you  have,  consult  your  instructor  for  further  guidance. 


16 

643 


ATCPT  3AQR30020-1 


Prepored  by  Keesler  TTC 
KEP-PT-8 


Teehnlcol  Trolntng 

Electronic  Principles  (Modulor  Self-Poced) 

Module  6 

PARALLEL  RESISTIVE  CIRCUITS 
(Including  Bridge  Circuits} 


November  1975 


AIR  TRAINING  COMMAND 

7-^ 


Dtttgnwl  Fox  ATC  Court*  Um 

oo^or  use  oh  tmm  jo» 


644 


Radar  MiUlplea  Branch 

Keeeler  Air  Force  Bafl6|  KlaBlaBlppl 
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ZLaotroQlo  nrlnclplea 
Hodule  8 

Thla  lULudtrated  PVOflrflnmed  Taxt  la  doalened  to  aid  In  the 
atudy  of  Parallel  Reslatlvo  Circuits  anl  Bridge  Cireutta.  Each 
page  contains  an  luportant  idea  or  concept  to  be  understood, 
before  proceeding  to  the  next.   An  lUuetration  for  each  objec- 
tive la  presented  to  clarlfV  t^hat  la  to  be  learned. 

At  'the  bottom     «ach  page,  there  are  a  few  ctueatic»ia  to 
bring  out  the  main  polnta*  .Itieae  an  Indicated  aa.. * 
It  la  hoped  that  these  c^ueatlona  aleo  aid  under- 
standing the  subject  a  little  better. 


Q^l,  etc 


Itw  answm  to  these  questions  will  be  found  on  the  tog  of 
a  following  pag^t  Indicated  as«... 
Short  cu^tt^ts  may  follow  the 
answers  to  help  understand  wt^ 
a  question  may  have  been  missed* 


A^l,  A-2  etc^ 
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QBJECIIVES 

l^xui  conpleticn  of  this  module 
you  3ho«ild  be  able  to  satisfy 
the  fallowing  objectives: 


a4  Traoi  a  group  of  statements 
select  the  ones  that  des* 
.crlbe  Klrchoff*s  Laws  for 
current  and  voltage. 


b*  Given  ^a  parallel  circuit 
schcnatic  diagram  and 
fonmalast  solve  for: 

(1)  total  resistance. 

(2)  total  current. 

(3)  total  power 4 


c.  Given  a  bridge  circuit 
schematic  dlagrttn,  nake 
necessary  calculations 
to  determine  whether  the 
circuit  is  balanced  or 
uhbalanced. 


^45 


One  day  my  bow  sald»  *'llook*^ip  tttone  renutord  In  parallol 
with  that  battory/*  PoUowlng  hlo  Injatruotlons^  t\)io  circuit  was 
constructed*   Then  he  askod^  "How. ...what  ^lave  you  ^t?**.   After  a 

short  whUe^  I  was  able  to  give  him  the  only  correct  answer  

**A  dead  batteryttt". 

itwre  Is  no  real  use  for  resistors  connected  in  Parallel  with 
a  power  source.  There  ARE  howeveri  basic  and  Important  principles 
to  be  learned  Crm  such  an  arrangement.  The  principles  of  ** Parallel 

^  is  essential  that  Electronic  circuits  within  Transmitters^ 
HecelverSf  and  Control  Systems*  be  powered  from  one  "source".  This 
is  the  basic  element  of  parallel  circuit  construction*  and  the  reason 
for  its  study*   With  few  excepti^s,  all  electrical  power  systems  are 
Parallel  Circuits.   Homes*  offices*  factories*  and  Electronic  equip- 
ment are  all  wired  in  Parallel. 

This  then*  is  NOT  a  study  of  resistors  connected  in  Parallel* 
but  of  [what  happens?]  when  electrical  conponents  of  all  types  are 
connected  in  this  manner.  - 


Qperatl^r 


RE3ISTOBS  CONNECTED  IN  SEBIES 

Ihe  ''series"  circuit  consists  of  resistors  connected  end*to*end. 


REISnPRS  CONNECTEP  IN  PARAIi£L 

A  ^parallel"  circuit  consists  of  the  same  resistors*  connected 
side-by-slde.   Components  other  than  resistors  can  be  used. 


Q-l  a.  Series  circuits  consist  of  resistors  connected 
b.  Parallel  circuits  ccmsist  of  resistors  connecteS 


c.  Homes*  offices*  factories*  and  Electronic  equipment  are  all 
wired  in  .  * 

d,  T-P  Host  *of  the  time*  resistors  are  connected  in  parallel 
with  a  battery*  - 
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USE  OP  PARALLEL  CIRCUITS 


A  small  transistor  radio  may  consist  of  5  or  mare  separate 
electronio  clrcultSt   Eaoh  of  these 'oircults  requires  a  source  of 
power  In  order  to  <jperate.   It  would  be  Inpractlcal  to. have  5  or 
more  separate  batteries  as  power  sources.    Instead^  each  circuit 
is  designed  to  operate  properly  fat  say.*, .9  volts],  and  then  all 
the  circuits  are  attached  to  one,  9  volt  battery* 


OSCILUTOR 

dRCurr 


MIXER 
CIRCUIT 


AUDIO 
AMPLIFIER 

ciRCurr 


DEIBCTOR 

ciRcurr 


IF  AMPLIFIER 
CIRCUIT 


By  extending  the  battery  leads,  this  parallel  arrangement  can 
be  sliiplifled  as  fallows. 


CKT  1 


CKT  2 


CKT  3 


CKT  ^ 


CKT  5 


In  this  nanner,  each  circuit  receives  its  **operatlng  voltage" 
from  the  9  volt  power  source  (battery)* 


^2    a-  With  a  parallel  connection,  each  circuit  receives  its 

power  Cracti  power  source , 

b.  T-P  In  parallel  wiring,  each  circuit  is  powered  by  the 

same  ^ 

c*  The  same  voltage  is  applied  to  each  circuit  in  a  

Connection. 

d.  T-P  With  a  parallel  connection,  each  circuit  receives  a 
dirpgrent  "^operating  voltapre"*   
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a«  dnd-to*end. 
Gt  paraUdlt 

di  Falsdttttunleds  you  want  to  wear-out  tho  battQt7< 


BASIC  ?mU£L  CIRCUIT 

Instead  of  connectlitg  entire  electronic  '^clrcuitd**  in  parallel 
vdth  a  power  source^  resistors  will  be  used.   The  principles  of 
''parallel**  operation  remain  the  same*   Usin^  resistors  almplifies  the 
understanding!  and  makes  calculations  easier* 

However^  there  are  tlines  when  resistors  are  actually  connected 
in  parallel  with  each  other*   The  reasons  for  this  will  be  explained 
later  in  the  text,  TOE  BASIC  PARAU£L  CIRCUIT 


V  T  V  I 


PICTORIAL  DIAGRAM 


SCHEMATIC  DIAGRAM 


The  sOiirce  of  power  [the  battery]  is  referred  to  as  the  Applied 
Voltage  (Symbol  E^),  The  resistors  are  usually  numbered.  Ri,  R2,  R3, 
beginning  nearest  the  battery.  ^         *  J  B MimjJyUf 

Each  "leg'"'of  the  parallel  circuit  is  called  a  BRANCH . 
For  exanple;   The  above  circuit  has  an  Rj^  branch,  an      branch,  and  an 
Ro  branch.    Each  "branch"  is  connected  to  the  power  source,  therefore 
each  branch  has  thie  Applied  Voltaffj  (E^)  as  a  voltage  source. 


q-i  a,  hach  "le^**  or  a  parallel  circuit  is  called  a 


',-F   Lacn  t/rcu;cn  of  a  ;)arallci  circuit  has  che  Applied 

Voltage  (Ea)      Its  power  source;, 
c.  'l-F  Cbily  cr*u  c^rancii  can  btf  coniiectei      a  power  source, 
c,  iTi  a  parallel  connection,  each  t:ranch  reccivoG  power 

frcffr,  ti*e  same   ,        ,  ^ 
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A-2 


a,  the  aame*.».a  camioat*»»or  wox^a  to  that  effects 

bt  battery,.,. voltaee.t.t power  source that *8  the  main 

reaaon  for  the  parallel  conneotloa. 
0.  parallel 

False****each  circuit  receives  the  same  ''operating 
voltage". 


HyPRAULIC  ANALOGY^ 

Each  parallel  branch  will  have  electrons  flowii\g  thru  It, 
Ihe  amount  of  current  allowed  to  flow  thru  each  branch  depends  upon 
the  opposition  of  the  resistor  in  that  branch.  Hie  "hydraulic 
analogy**  may  help  to  clarify  this  point. 


Ihe  water  allowed  to  flow  thru  each  *'brancH",  depends  upon  the 
settling  of  the  valve  in  that  branch.   Of  course,  the  punp  pressure 
also  plays  a  part.    Increasing  the  pun^  pressure  will  force  more 
water  to  flow  thru  all  the  branches.  . 


Ndw»  a  VERY  important  pointllt! 


Changing  the  setting  of  any  ONE 
valve,  afi^cts  the  water  flowli>g  thru  that  ONE  branch  ONLY!! 
It  has  NO  EFPECT  on  the  water  flowing  thru  the  other  branches! ! 
There  Is  rtot  a  CERTAIN  amount  of  water  which  must  ccme-out  of  the 
pump,    Uiere  Is  a  VARYING  amount  of  water  *'allowed*'  to  flow  out  of 
the  pun^f  deper^litg  on  the  settings  of  all  the  valves.  [Read  againl 


QJi  a.  The  amount  of  current  allowed  to  flow  thru  a  branch,  depends 

upon  tiie  _^  of  the  resistor  in  that  branch* 

b,  T-F  Changing  the  opposition  in  one  branch  has  tJO  EFKCT  on 
*  the  current  flow  thru  the  other  branches. 
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a.  branch, 

b,  l!kw«,««that*6  the  main  reason  for  parallel  connectlona, 
e.  False,, ^any  number  of  branches  can  bo  connected, 

d,  voltage  power  source or  similar  wrda. 


CALCOLATIWO  BRANCH  CURRENTS 

It  is  Important,  jn  parallel  circuits^  to  know  the  amount  of 
current  flowing  thru  each  branch,  To  see^how  these  currents  are^ 
calculated «  review  tov  a  mtxtent  

(1)  '*£ach  branch  is  connected  to  the  power  sourcei  therefore 

each  branch  has  the  Applied  Voltage  as  a  voltage  source,". 

(2)  *'The  amount  of  cuirent  allowed  to  flow  thru  each  branch, 

depends  upon  the  opposition  of  the  resistor  in  that  branch*^ 


Ohm^s  Law  then,  can  be  used  to  calculate  the  branch  currents. 

£ 


Sumtum 


[each  branch] 


Applied  Voltage 
^  teach  branch] 


EXAMPr£:   Deteimlne  the  current  flow  thru  each  branch. 


60V 

6inA 

"ri 

IOKa 

60V 

P3 

R3 

60V 
20K/1 

3inA 

Q-5  Calculate  the  current  flow  thru  each  branch, 
(a)  (b) 


5 
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6  HI 


a.  opposition  or  resistance  Increaslitg  the  opposition^ 

decreases  the  flow  of  current  thru  that  branch. 
Truc^.each  branch  Is  "Independent of  the^other  branches, 
but  they  all  are  connected  to  the  sama  battery. 


DBIERMININO  TOTftL  CURRefT 

Hie  "(hydraulic  analogy"  shows  the  total  water,  allowed  to  flow 
out-of  and  back-^lnto  the  punp.  Is  the  SUM  of  the  Individual  branch 
currents. 


^TOTAL  WATEK  -  12  GAILONS  PER  MINUIE  (gpni) 


^TOTAL  WA1ER  •  12  GALLONS  PER  MUWIE  (gxn) 

In  an  electric  circuit,  the  Total  Current  (It)  is  the  amount 
flowing  out-of ,  and  back-lnto  the  battery.    It  is  the  S\M  of  the 
Individual  bjranch  currents.  T    «To  •♦•T 


=    iimA   +   6niA   +  2mA 
«   ISnvA  [Total  Current]' 


Q-6   Determine  the  Total  Current  (1^^)  in  the  following  circuits. 
(a)  (b) 


er|c 
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A-5  Q*  Branch  1  •* 

Branch  2  ■ 

20mA 

Branch  3  ■ 

emA 

b.  Branch  1  ■ 

Uranch  2  ■ 

2A 

Branch  3  " 

6A 

MISSINQ  BRANCH  CimREW  ?  , 

Suppoae  the  Total  Current  (It)  la  given,  and  ww  of  the  branch 
currents  is  NOT.   Subtraction  can  be  used  to  determine  the  missing 
branch  current.   Observe  the  "hydraulic  analogy"  tor  a  moment...... 


In  an  electric  circuit,  a  missing  branch  current  is  determined 
the  same  way.    A  little  addition  and  subtraction  >  missing  current! 


Q-7  Oetemlne  the  "missing  current"  in  the  following  circuits. 


7 
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A-6 


a«   It  ^  3(knA 


b.  It  »  6A 


PARAIIEL  CURREWT  MEASUREWEWI^ 

Electrical  current  can  be  measured  at  many  different  points 
In  a  parallol  circuit.  Ihe  readings  will  vary*   It  dependa  upon 
the  point  at  which  the  anmeter  measurement  Is  made.   The  **hydraullo 
analogy**  may  help  to  clarify  these  different  current  readings. 


Anmeter  readings  vary^  dependiJig  upon  the  point  of  measurement. 
EXAMp[£;   In  the  fallowing  circuity  detexmlne  all  anmeter  reading?. 

Using  Otm's  Law.... 

anA  ►^anci(g)«  1^  -  l6niA 

'J 


8mA 


(g)anci@=  +  A3  -  lOnA 
@and@-  A3  »  8mA 


Q-8   Deteimlne  the  aimieter  reading  in  the  fbllowlng  circuits, 
(a)  .  (b) 


A*7         a*   2mA  b.  U^ 


KIRCHOFP'S  CURREMT  UW 


Oliroughout  the  study  of  parallel  clrciiltOi  Klrchoffs  Current 
Law  jag  been  used*   It  states  (In  efCectl  


Klrchoff's  Current  Law  then,  has  been  used  when  addling  "branch" 
currents  to  obtain  the  Tatal  Current  (I^)*    "Mlsslitg"  branch  currents 
were  also  determined  usli^g  this  law.   Watch  fbr  the  use  of  Klrchof f '  s 
Current  law  In  the  solution  of  electronic  circuits  later  on- 
PRACTICE  PROBLET^TS 


QrS   Solve  as  Indicated* 


9 
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|  a*8  at   6TnA  .     b.  5A 

CALCUUTINO  BRANCH  RESISTAMCE 

The  electron  now  thru  a  parallel  branch,  is  controlled  by  the 
resistance  (ohma)  of  that  branch*   Occasionally,  it  is  necessary  to 

calculate  the  opposition  of  a  branch  resistor*   Here*s  how  

Each  branch  is  connected  to  the  power  source*   Therefore,  each 
branch  has  the  battery  voltage  aa  a  voltage  source*    If  the  branch 
current  is  known,  the  branch  resistance  can  be  calculated,  using 
Ohni3*s  Law, 


Q**10  Calculate  branch  resistances  In  the  following  circuits* 
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A-? 

a.  )nA 

c.  3A 

b.  eOmA 

d.  15A 

caijcolatinq  branch  resistance  (cent) 


Somtljiiea^  Kirohoffe  OuiTent  Law  and  Ohm's  LaW|  must  be  used 

together.   More  conplex  ptx)blem3  often  require  both  laws. 

EXAMPLE:  Calculate  the  opposition  of  Rp* 

  KIRCHOFF'S  UW 


Q-11   Solve  as  Indicated « 


11 


A-10 


a. 


b.  20a 


CALCULATINO  THE  APPLIED  VOLTAOE 

The  Applied  Voitage  (battery).  Is  usually  known.   If  not, 
It  can  usually  be  /"measured"  with  a  voltmeter.   However,  It  Is 
possible  for  the,  polnt£|  of  measurement  to  be  at  difficult  spots 
to  get  at,  and  a.  calculation  becomes  the  best  method. 

Ihe  calculation  Is  possible.  If  a  branch  current  and  resis- 
tance are  knowh'.   Multiplication,  using  Otm*&  Law,  will  result  - 
In  the  Applied  Voltage  (E^). 
EXAMPLE;   Determine  the  Applied  Voltage  (E^) 
I 


6Ka 


OHM'S  UW     E  -  I 


-   3mA  •  itKA 


12V 


Either  of  the  other  tvio  branches 
could  have  been  used  to  determine  the «  Irj  •  ^2  «  2Sa  •  6Kxk 
Applied  Vbltage.   The  calculations    /%  *  IRj  •  R3  *  l^nA 
would  result  In  the  same  voltage. 


12V 


Q-12  Solve  for  the  Applied  Voltage, 
(a) 


I 


—     3Kn.S      2KaS  1|Ka 


a  — 


I 


(omA)      [1^       1 6mA 
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PSACnCE  PROBLEMS  . 

■'I  '  '         *  »  • 

Using  coRiblnationfl  of  Klrohoffa  Cunhent  Law  and  Ohn*s  Iaw,  ' 
solve  the  following  practice  probleum*  The  first  step  is  to  make 
sure  of  the  ^'question*'.  Than  form  a  "plan  of  attack'*  towsurd  ptie 
solution.   Answers  are  listed  as  A-13*  ^ 

Q-13  Solve  as  Indicated* 
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a,  2W 


b,  30V 


ELEXTOICAL  POWER 

The  flow  of  electrons  thru  seme  type  of  opposition^  produces 
l^eat.   VAien  electrical  current  flows  thru  a  U^t-bulb»  heat  Is  gen- 
erated*  Solderlng^lronfl  depend  upon  this  conversion  of  electrical 
energy  into  heat.   The  resistance  wlre«  used  in  electrlc^toaatera^  is 
heated  by  the  flow  of  lai^ge  quantities  of  eleotxwts. 

Of  course^  resistors  offer  opposition  to  electrlcal^^current.  and 
heat  will  be  generated  within  them.   With  proper  physical  construction* 
the  heat  produceu  will  not  damage  the  resistors,   tbwever*  this  heat 
naist  be  **eotten-rid-of**  into  the  surrounding  air.    If  not*  the  heat 
will  continue  to  "bulld-up"«  until  the  resistor  is  dainased. 


type  resistors  can  withstand 
only  sntall  amounts  of  heat. 


Wire-wound  resistors  are  used  when 
larger  amounts  of  heat  are  Involved 


The  ptysical  size  of  a  resistor  (its  surface  area)«  is  the  main 
factor  which  determines  how  tmich  heat  it  can  "^dissipate^  (get-rid-of ). 
Iherefore^  carbon  and  wlre*wound  resistors  have  many  different  shapes 
and  sizes.    It  is  important  to  understand  that  the  'V^^^^^  slze*\ 
has  nothing  to  do  with  the  resistance  (olms)  of  a  resistor.   The  re- 
sistance depends  upon  the  materials  used  **inside*'  the  resistor. 


Q-IU  a.  The  flow  of  electrons  thru  some  type  of  opposition,  produces 


L.  T-F  Carbon  resistors  can  withstand  large  amounts  of  heat. 

c.  T-F  The  priysical  size  of  a  resistor  detemlnes  resistance. 

d.  T!i\e  mciln  factor  witlch  determines  the  ahill'^y  of  a  rvsintor 
to  dissipate  l*eat  is  it:;   ij^a-. 
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0. 

8A  \ 

d. 

30a 

U  I 

lov 

r. 

CALCULATINQ  POWER 

The  power  dissipated  by  a  roeidtor  In  a  f^arallel  circuity  is 
calculated  Udinrc  any  of  ttie  following  equations.  (Note  that  they 
are  the  same  "power  equationa"^  used  for  Series  circuits.] 


The  unit  of  measure,  la  the  Wiatt  (W).    If  the  current  flow 
thru  a  resistor  is  In  the  snialler  mllli-anpere  (mA)»  the  power 
dissipated  will  be  In  the  smaller  mllli-watt  (mW). 
EXAMPLE;   Calculate  the  power  dissipated  by 


Of  course,  either  of  the  other  two  power  equations  could  Iiave 
been  used.    The  result,  (36cnW)  would  have  been  the  sanie. 


Q-15  Solve  as  Indicated. 


\  15 
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A-lft  a.  heat. 

False.*.. carbon  would  be  diamaeed.,  wire-wound  are  used. 

c.  False. t'tthe  materials  inside  tho  rcsletor  detennlne  that. 

d.  Pt^slcal  size  (surface  area) 

POWER  DISSIPATION  VS  POWER  RATIMO 

A  resistor  I  In  an  operating  circuit »  will  produce  heat.   This  Is 
called  ltd  POWER  DISSIPATION.    However,  there  Is  a  limit  to  the  amount 
of  heat  a  particular  resistor  can  withstand,  without  dano^e.  This 
'^llmlt'*  13  called  Its  POWEK  RATIMQ. 

Tine  POWER  RATING  of  a  resistor  Is  detemlned  by  Its  pt^slcal 
size  (surface  area)*   Carbon  resistors  are  typically  **rated  at*'  


120amW.  The  smallest  PC^iiER  RATING  that  could  be  used,  would  be  the 
2  watt  (2OOO1TM)  size.    Anything  smaller  would  **burn->*up**. 

If  the  power  calculation  came  out  to  be  300ktW*  the  mlnlnium 
POWER  RATING  that  Could  be  used.  Would  be  the  ^  watt  (^OOmW)  size. 

Above  2  watts  (2000tjW),  wire-wound  resistors  are  ecuployed. 
Ihey  are  capable  of  withstanding  greater  ant)unts  of  heat. 


The  POWER  RATING  tor  the  resistors , 
will  be  shown  In  the  'Mparts  list'*  acccrpanylng  the  equipment. 


Q-16  a.  Hie  heat  fflven  off  by  a  resistor  is  called  Its  oower  

b.  T-F  Power  dissipation  Is  determined  by  the  physical  size 
of  a  resistor. 

c.  T-F  Tl£  power  rating  of  a  resistor  Is  detennlned  by  Its 
physical  size. 

d.  ^fever  allow  Itic  power  dlssltiaHon  to  U;  f3:^aler  Itian  the 


Suppose  the  power  calculation  f9r  a  resistor  came  out  to  be 
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A-15 


a.  lOOmW 


b.  IdW 


TOTAL  POWER 

The  Itotal  Power  (P^)t  dissipated  In  a  parallel  circuit,  la  the 
SUM  of  the  Individual  branch  "powers". 


The  Tbtal  Power  may  also  be  calculated  by  multiplying 
the  Applied  Volta^  (%)  times  the  Tbtal  Current  (I^)* 


TOTAL  POWER  (P,.)  *   %  • 


EXAMPUE:   Calculate  the  Total  Power  (P^)  In  the  f'ollowlng  circuit. 


•  2»)V  •  llmA 
-  560mW 


pRj^  •  Erj^  •  iRl  *  »)0V  •  itmA 
pRg  ■  Eftg  •  iRj  *  1)0V  •  2mA 
pRj  *  Erj  •  Iftj   •    1)0V  •  8mA 


(.56W)4-, 

-^7 


l6omW,<.l6W)  . 
8omW  (.08W)  #^ 
320mW  (,32W)  ^ 


Pt  ■   PR^L  *  %  *  ^3  7 


560mw 


Q-17   Solve  for  Total  Power  . (P^)  In  the  following  circuits. 

<a) 

i   I  1 

1  ^)^00V 

607—      Ida  5      30a  ' 

20KA. 

T 

LJ 

17 
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A-16  a,  dlaslpQtlon,  (The  change  of  electrical  energy  into  heat.) 

.  b.  Palse  the  power  dissipation  is  determined  by  the 

amount  of  current  flowini;  thru  the  resistor. 

c.  True 

d.  power  ratim:;. .otherwise  the  resistor  will  be  damaged. 


CCMPt£X  PARALLEL 

In  socF»  parallel  circuits,  the  branches  may  have  more  than  one 
resistor.   The  resistance  of  each  branch  is  determined  thru  addition. 
EXAMPt£:   Calculate  the  Total  Current  (Ij.)  in  the  following  circuiti,. 


ACRJAL  CIRCUIT 


1  ^ 


6Ka' 


8Ka 


Dividing  %  (2W)  by  the  resistance  (12Kjv.)  of  branch  one  "2mA 
Dividing  %  (2^V)  by  the  resistance  (  6Ka)  of  branch  two  «  4mA 
Dividing  1^  (2W)  by  the  resistance  (  8K/\.)  of  branch  three  "  5nA 
Cl/1/tmwtA0  *   Adding  the  three  branch  currents  tocpther  «  9mA' 


Q-18   Solve  for  the  Total  Current  (I^)  in  the  followinr;  circuits. 

z — ^ 

(a)  (b) 


I 


lOjv! 


5a 


^^18  . 
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A-17 


a.  660W 


b.   TOCmW  (,7W) 


COMPLEX  PARAim  (cent) 

Ki.rchoff*3  Voltage  Law  states  [in  effect!  j 


TTrw  sum  of  the  voltago  drops 

in  a  closed  loop, 
equals  the  applied  voltage 


Irops,  J 


In  a  parallel  circuit,  each  branch  Is  a  "closed  loop'*. 


Each  branch  f  otitis  a 
— ;cum)  LOOP 
.,wlth  the  battery. 


In  a  con^lex  parallel  circuit,  there  will  be  n»re  than  one 
voltage  drop  In'  each  branch.   There  will  be  a  voltage  drop  across 
each  resistor.   Therefore,  the  sum  of  the  voltape  drops  In  each 
branch  mUst  equal  the  battery  voltage. 

(Ha)  A 


EX/^LE:   Detennlne  the  Applied  Volta{:e 


'BATIETOf  VOLTAGE 


%1  = 


Hi 


.TAGE/-! 

isv)  f 


H2  -  8V 


R5-  9n  I 


jf  w~iya.  rlirciy.JiT'r  Voltaro  iJiw  r.tater.. . .  .'I'tx;-  aun  of  Uitvvoita^'c 

[i  urop.--  In  a  equals  tiie  annllod  vyir,arf. 

!  I  ' 
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A-18 

a.  lU 

b,  7mA 

PRACTICE  PROBLOG 

Using  cocnblnatlons  of  Ohm's  Law,  Klrchoff^s  Current  Law,  and 
Klrchoff '3  Voltage  Law,  solve  the  roHowlng  problems,   The  flt;st 
step  is  to  make  sure  of  the  question,  *nien  form  a  **p^  attack** 
toward  the  solution.   Answers  are  listed  as  A*20. 
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j  A-19 


a.   "closed  loop*' 


TCTTAL  RhBISTAMCE 

A  group  of  resifltoni,  connected  Jii  parallel  with  a  battery, 
servea  no  uaeful  purpose.    It  slxnply  wears  out  the  battery.   Ao  each 
parallel  branch  la  added>  more  current  is  .allowed  to  flow  out  of  the 
battery,  wearing  It  out  sooner* 

It  may  be  recalled  from  the  beginning  of  this  text,  that  entire 
electronic  circuits  are  connected  in  parallel  with  a  power  source. 
Resistors  have  been  used  to  clarify  the  principles  of  parallel  oper- 
ation, Aind  to.slnplifjr  calculations.  ^,   "  J  ''''  "o 

l„  -  '  ^  '  L  .  □ 

V  .f  ^ 

However^  actual  resistors  may  be  connected  directly  in  parallel 
with  each  other«  IMs  is  sometlites  done  to  form  a  particular  **total 
resistance"  needed  in  a  special  situation*   Solving  for  this  parallel 
"total  resistance"  is  NOT  done  the  same  ><ay  as  in  Series  Circuits. 


^Adding  another  resistor  into  a  Series 
circuit  DECREASES  tl>e  amount  of  current 
allowed  to  flow  out  of  the  battery « 

This  reduction  of  current  means  that 
the  total  opposition  of  the  circuit 
must  have  II4CHEASED. 


Adding  another  resistor  into  a  parallel 
circuit  INCRElASES  the  amount  of  current 
allowed  to  flow  out  of  the  battery* 

This  Increase  of  current  means  that  the 
total  opposition  of  the  circuit  nwst 
have  DECREAStOJ*  R^i 


Q-21  a.  If  another  resistor  is  added  into  a  series  circuit,  the 

total  current  therefore  the  total  resistance 

must  tave  .  (Inc-dec) 

b.  Adding  anotticr  resi:itor  In  parallel  will  cause  total  cur- 
'  rent  to^  and  total  resistance  to 
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A-20 

a.  IOKa 

c,  2mA 

e,  2%A 

b,  60V 

d,  12V 

f,  3A 

TOTAL  RESISTANCE  (cont) 


'Xhld  MAJOR  DIFFE3RENCE  betwen  Series  and  Parallel  circuits , 


Perhaps  a  couplt?  of  simple  problems  may  help  to  understand 


what's  gqlitg  on  here. 

SERIES 


/tduirui  a  PARALiii  resistor,  ifjcreases  tne  current  allov^ca  to  flow.. 
Tnerefore  OPPOSITION  to  the  flow  of  current  fias  D1:;CFJLAS£D! 


Q*22  a.  If  anDther  parallel  brancii  5  *  added >  wl:e  tot^l  cuirent  will  } 

"  *   ,  there  fere  reslsr^ance  muat  IViVX'  ^  ,  \ 

b.  The  tctal  'reci^itance  cf  a  parallel  clr-;alt  (inc*aec)  ; 

as  each  branch  is  added,  ! 
2,  Increasifv:  total  resistance,  (inc-dec;  tcytal  current,] 


667 


A*2i  0,   decrease&i  inoreaoed  any  time  thd  total  current 

decroaaeSf  the  total  resistance  must  have  increased, 

b,  increaae^  decrease, 4^ ^^any  time  the  total  current  Increase! 
 the  total  resifltarwe*^^iflt  have  decreaaed,  


CALCULATING  TOTAL  RESISTANCE 

There  are  several  different  methods  which  can  be  used  to 
calculate  the  Total  Resistance  (R^)  of  a  parallel  circuit,  Ar^T^ 
of  these  methods  will  result  in  the  same  answer.   Which  method  Is 
used,  depends. upon  the  circuit  Itself^  and  personal  preference. 


0  1 

1  PARAUH.  TOTAL  i 

RESISTANCE 

0  

1.  Oln's  Law 

2,  R  over  N  ttethod 
3*  Product  over  Sum 
^,  Reciprocal  Method 


EXAMPLE;  (Oln^s  Law  Method)   Calculate  the  Total  Resistance  (R^), 

I 


I 


lOK 


1^  »  lanA 


Rt 


It 

60V 
a2mA 

5Ka 


NOTE:  The  Total  Resiatance  (R^)  I3  smaller  than  any  "branch". 
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A*22 


a«   tncreaaOl  dooraascd 

b.  decreasoD  each  branch  caudes  a  rise  of  total  current. 

More  total  current  means  the  resistance  of  the  circuit 
must  have  decreased, 

c,  decreases 


CALCUUTLNG  TOTAI,  RESISTANCl!:  (cpnt) 

The  "R  over  N"  method  Is  used  when  a  group  of  parallel  resistors 
all  have  the  ^same  opposition. 

"R"  stands  for  the  COMwiON  RErnSTANCE, 
-    "N"  stands  for  . the  NUPM  OP  RtiSISTORS. 

(R  over  N)   Detennirte  the  Total  Resistance  (R^), 

60a 


t    60a^  60  a  I 

R  Common  Resistance 
N     Number  of  Resistors 


Cottmon  Resistance  IOOKa. 


N  ,  Number  of  Resistors  4 
NOTE:  The  Total  Resistance  (R^)  is  smaller  than  any  "branch". 


251U 


0-24   Using  Ohn's  Law«  or  R  over  N«  calculate  Total  Resistance  (R^^). 
(a)  (b)      ,  m  • 


(d) 


18a  <  IBa, 


A-23 


a.  ii^A 


b,  1,5a 


CALCUUTINO  TOTAL  RESI3TA^^CE  (cont)- 

The  "Product  over  Sun"  method  Is  used  when  two  parallel  resis- 
tors have  different,  or  "unusual"  realatance  values. 


Product      Ri  •  Rj  CMultliSllcatlon] 
Sum        Ri  +  ^2    .  [Addition] 


EXAMPUES:  (Product  over  Sum)   Calculate  the  Total  Resistance  (R^). 


«t- 


«t- 


3a 


2a  < 


Rt  - 


Product  [Multiplication] 
'  Sun    •  [Addition] 
Rl  ■'  R2       ^0  '  10  tiOO 
Rl  +  Rj       *iO  *  10  50 

Product  [Mult IpU^t Ion] 


-  8Ka 


Sum 


R2 


Rl  +  R2 


[Addition] 

3   •   2  6 
    -  l,2n. 

3  +  2  5. 


JJOTE;   The  Ttotal  Resistance  (R^)  Is  smaller  than  any 


l^tesnch". 


Q-25  Using  Cttri's  Law,  R  over  N,  or  the  Product  over  Sun  methods,* 

calculate  the  Ttotal  Reslstancev  (R^)  of  the  following  circuits. 

(a)  (b) 


O 


6Ka^ 


Rt  ^     60^^   60^1^  6(u|" 


60a: 


(c) 


X — r 

~  6a| 
1  il 


120V 


21) 
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b>    2  a 


c,  5a 


CALCULATINQ  TOTAL  RESISTANCE  (cont) 

Ttue  "Reciprocal"  method  Is  used  when  a  group  of  parallel  resis- 
tors have  a  "coomon  denomltiator",   A  "coninon  dermlnator'*  ls„a 
number^  into  which  each  of  the  resistance  values  can  be  divided 
evenly.   The  "common  denominator*'  for  ^>  12>  6^  artd  3  would  be  12). 
or  2^^  or  36  etc   Usually^  the  "least  coimon  denocnlnator**  is  used. 

In  this  case,  that  would  be  12, 

^  t- 

The  "Reciprocal"  equation  appears  difficult.    It  is  however, 
easy  to  use,  ^  . 

EXAMPLE!  (Reciprocal  Method)  C (lH/Ll  j/ITU 

t,     .  1  


3Ka 


+ 


R2_      Rj  *  Rj  *  Rj) 


etc. 


CD  Resistance  values 
(Drop  "K") 


©  Divide  it  Into  12 

12  into  12 

6  Into  12 

3  into  12 


12 


®  Add 


~)       10"  ■  (Rt'J 


Turn  upside-down 
and  divide. 
(Replace  "K") 


Q-26  Determine  the  "least  cannon  denominator"  for  the  following. 
.  (a)  6,  5.  15,  10       (b)  20,  15,  30       (c)  2.  8.  12,  6 
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A-2b 


a.  14K^ 


b,  15a 


CALCULATINQ  TOTAL  RESISTANCE  (coflt)  ,  ;  ' 

The  "Reciprocal"  method  can  be  used  with  any  number  of  parallel 
realators.  A  cotnmon  denominator  must  be  detennined  first,  . 

ir  "all  else  fails**,  a  coitinon  denominator  can  be  detemlned  by 
multiplying  all  the  resistance  values  together.  This  usually  results 
In  a  rather  large  conmon  d^mlnator,  difficult  to  use. 


CJ-27  Using  the  "Reciprocal*^  method,  detennine  Itotal  Resistance. 


(a) 


(b) 


15Ka?  10Ka5 


o- 


(c) 


(d) 


j£ —  y 

2jv?      8^5     12a?  6 


r|      lEI     51U|  2Ki| 


i]  Q-28  Using  Ohn'^  Law,  R  over  U,  Product  over  Sum,  or  the  Recip-  , 
rocal  netliods,  calculate  the  Total  Reaistance  (Rt),^ 


(a) 


R^  ^  6iU;  6ka|,  ek^; 


(c) 


(b) 
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A-26  a.    30  60 


PRACTICli:  PROBLB^ 

All  of  the  Parallel  Circuit   skills  that  have  been  learned^ 
will  be  required  in  the  ft)llowlJ«  practice  problems.   The  ^irst 
steiD  is  to  make  sure  of  the  "question^\    Then  fom  a  *Vlan  of 
attack"  toward  the  solution*   The  problems  will  progress  from 
sjjnple  to  conplex.    A  list  of  Ohm's  taw,  Power^  and  Parallel 
Circuit  Equations  may  help  in  solving  them  quickly  and  easily* 


Q-29   Solve  as  indicated. 


(a)  iRg  *  ^   (b)  It  *  ? 
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PRACTICE  PROBLEMS  (coilt) 


Q-30  Solve  as  indicated. 

(a)  R2  -  ?  (b)  R2  -  ? 


29 


A-29          a,  2mA 

c,  8a 

e,  5A 

b,  9A 

d,  9mA 

f,  13mA 

PRACTICE  PROBLEMS  fcont) 

 1 

Q-31   Solve  as  Indicated, 


(a)  PRj^  -  7  (b)  PR2  "  ? 


0,  21V 

e,  18V 

lU 

b,  15/w 

d,  50V 

f.  20Ka 

h. 

6V 

PRACTICE  PROBLBflS  (cont) 


Q-32   Solve  as  Indicated. 


(a)      *  7    <b)  Efi2  -  7 
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A- 31 


a.  250W  c.    2l£W  e.    12mA  g.  2llW 

b.  120mW  (.12W)     d.    SOOmW  (.3W)     f.    8V  h.  SOImW 


PRACTICE  PROBLil^S  (cont) 


ERIC 


0-33  Solve  for  Total  Resistance  (Rt). 

NCflE;  The  Dotal  Resistance  (Rt)*  Is  smaller  than  any  branch. 


(a) 


2Ma<     2Mji  <  2Ma 


(C) 


60Ka>  15Ka. 


30tu| 


(e) 


6  HKtJ' 

2Ka| 

f  21Ca.' 

1  8Ka| 

r 


27a  i  Ri 


(b) 


1.2aS  1.8jl 


(c) 


36a.J      12/^<      18a  ; 


3? 
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A-J2  a. 

20V 

c. 

lOA 

e.  27V 

S' 

2mA 

b. 

12V 

d. 

35V 

f.  60V 

h. 

20V 

A  special  complex  parallel  circuit  la  called  a  ''Bridge  Circuit"- 
It  conslsta  of  four  realstorgi.  connected  Into  a  "diamond"  shape. 
There  Is  an  additional  component  called  tlie  "bridge  elen>ent^'* 


POWER 
—  SOURCE 


BRIDGE  ELEMfclMT 


In  niany  applications, 
the  "bridge  element*' 
Is  a  resistor.  Special ' 
electrical  components 
are  also  used* 


aALVANQMETER  [gal-va-nom-e-ter] 

Sometljnes,  the  "bridge  element"  Is  a  Galvanometer*    This  Is  a 
sensitive  ampere-meter,  with  "zero"  In  the  middle  of  the  scale*  It 
can  measure  cutrent  flowing  In  either  direction* 

BALANCfcD  OR  UNBALftNCED  ^'^-^'^^^  ^SnJ 

If  the  Galvanoneter  is  polntlrv;  to  "zero"  (no  current),  the 

Bridge  Circuit  Is  said  to  be  "BALANCfcD"  *   

If  the  Galvanometer  Is  Indicating  current  flow,  in  either 

direction,  the  Bridge  Circuit  Is  said  to  be  "UNBALANCED"* 

 (^-^4— UNBALANCED — ►^"^)" 

Like  an  acrobat,  on  a  tightrope,  a  Brldee  Circuit  can  only  be 
In  £n£  of  two  possible  conditions:    BALANCED,  or  UNBALANCED. 


a*  An  ammeter,  with  "zero"  In  the  middle  of  the  scale.  Is 

called  a  * 

b*  Bridge  Circuits  can  be  balanced  or  
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'^-33       ^  a 

c.  8.57Ka 

e.  2.1^Ka 

b.  ,72m. 

d.  6a. 

f.  3.^2a 

h.  i)KA 

BRIDGE  CIRCUITS  {cont) 

A  Bridge  Circuit  may  be  In  a  "balanced"  or  an  "unbalanced" 
condition.    It  depends  upon  the  resistance  (ohms)  of  each  of  the 
fou,    urldge**  resistors. 

To  determine  a  "balanced**  or  "unbalanced"  condition,  the 
BRIDGE  CIRCUIT  EXjUATION  Is  used. 

R^  [Uipper  Left]        R3  [Ujpper  Right] 


LculqJCLoti 


R2  [Lower  Left]       Ri,  [Lower  Right] 


EXAMPUE;    Is  tte  following  circuit  "balanced"  or  "unbalanced"? 


lOKfl. 


14 
2 


10 
5 


"Cross-jnultlply"  —^X^ 


10" 


5Ka 


BALANCED- 


^2- 
>-  20 


20 


EXAMPUE:    Is  the  following  circuit  "balanced"  or  "unbalanced"? 

Ri, 


Rl  R3 


"CrosSMTiultlply" 


5Ka 


UNBALANCED' 


12 

8 

6 

5 

=•  60 

Q-35   Are  the  following  circuits  "balanced"  or  "unbalanced" "J- 


.6^ 


1^7  O 


A- 31 


a.  Oalvanomuter. 

b.  unbalanced* 


BRIDOE  CIRCUITS  (cont) 

If  ope  of  the  reclgtors  in  a  "balanced"  bridge  circuit  is 
unknovm,  it  can  tj  easily  calculated,   "me  BRIDGE  CIRCUIT  EQUATION 
is  used  to  determine  the  unknown  resistance  value. 
taAMPUi::   Calculate      in  the  following  "balanced"  Bridge  Circuit. 


R2 


6 


^6^ 

"Cross-cuultiply"  — 0,-/^  

Divide  both  sides         >  12 

of  the  equation 

by  t  for  answer.      x   -  3Ka 


NOy^:    Rj(  has  to  be  SKa.  .    No  other  resistor  will  "balance"  the 
Bridge  Circuit.   Easy?   Tr^  these  


35 
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^7/ 


a.  Unbalanced 


b .  Unbalanced 


c .  Balanced 


BRIDOE  CIRCUIT  CURRENTS 

The  electrical  currents  flowing  thru  a  bridge  circuit >  depend 
upon  a  "balanced**  or  *'unbalanced'*  condition.  First  the  **balanced*' 
circuit. 


12  -  12 

No  current  flow 

thru  the 
Galvanometer. 


Mow  the  '*unDalanced"  circuit, 


ERIC 


TOO  HIGH 


UNBALANCED  BRIDGE 
12  -  15 

Current  will  now 
flow  thru  the 
Galvanoneter. 


TOO  LOW 


tMBAIANCro  BRITOE 
12-9 

Current  now  flows 
In  the  reverse 
direction  thru 
the  Galvanoneter, 


If  the  ^'polarity*'  of  the  battery  Is  reversed,  the  direction  of 
current  thru  the  Galvanoneter  would  also  reverse. 


a.  If  the  Galvanometer  Is  indicating  current >  the  bridge 
circuit  is  (balanced  or  unbalanced) 

b.  T-F  Varying  any  resistor  in  a  balanced  bridge  circuit,  will 
cause  current  flow  thru  the  bridge  element. 
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A-36 


U^;br.  OK  BIULGL  CIRCUn'lS    (Wheatotone  Bridge) 

In  some  tilectronlc  circuits,  **preclolon  realstoro"  arc  uned. 
Those  resistors  have  been  very  accurately  measured.   The  obnic 
value  Is  printed  alrectly  on  the  body  of  the  resistor* 

A  device  used  to  measure  these  critical  resistance  values  Is 
called  the  Wheatstone  Bridge >    Xn  lt*s  sln^lest  rorm.  It  consists 
of  two  fixed  **preclslon  resistors",  and  one  variable  resistor*  The 
variable  resistor  has  a  "calibrated"  scale  attached  to  It. 


FIXED  PRECISION  RESISTORS 


CALIBRATED  VARIABLE  RESISTOR 


The  resistor  to  be  measured  Is  connected  between  points  [x  &  y]. 
The  variable  resistor  Is  rotated  until  the  Bridge  Circuit  Is  **balan- 
ced"  (no  Galvanometer  current)-    The  "bridge  equation"  Is  then  used 
to  determine  the  accurate  value  of  the  unknown  resistor* 


mi) 

Rj|      10  3.5J 


lOx 

X 


3.5 
.35a 


['tore  advanced  Wheatstone  Bridges  will  have  a  series  of  fixed 
precision  resistors,  or  "calibrated  resistance  bars",  which  can  be 
plugged-into  the  Ri  and  Rj  positions.   The  Rj,  position  niay  be  occu- 
pied by  a  groi^  of  "swltchable"  fixed  precision  resistors,  called  a 
Decade  Resistance  Assen±)ly. 

37 
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A-37   a,  unbalanced  .and  If  tho  Calvanometer  is  a  VERY  sensi- 
tive one,  only  a  slight  variation  of  one  of  the  reolators 
will  cause  a  large  meter  deflection, 
b.  True  see  answer  above. 


USES  OP  BRIDflK  CIRCUITS  (Temperature  Control) 

A  ^'themistor'*  Is  a  special  type  of  resistor*    It's  resistance 
(ohns)  to'les  with  changes  of  temperature.    A  "directional -switch^', 
Is  a  special  two-way  switch,  something  like  an  automobile  turn- 
signal  switch,  operated  electrically. 

In  the      position  of  a  "balanced^*  bridge  circuit,  substitute 
a  "themlstor'\    In  the  bridge-element  position,  place  a  "direction- 
al switch**.   


15ERMISTOR 
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COOLING 
I  SYSTEMS 


If  the  temperature  changes,  the  resistance  of  the  thermistor 
changes,  '^unbalancli^g"  the  bridge*   The  direct lonal-swltch  then 
connects  electrical  power  to  either  the  heatli^g,  or  coolli^g  systems* 

As  the  temperature  returns  to  normal,  the  resistance  of  the 
themistor  restores  the  bridge  to  a  "balanced"  condition*  The 
directional- switch  then  retuiro  to  a  "neutral"  position,  (no  power 
to  either  system)* 

The  "balance  terrperature"  Is  adjusted  with  one  of  the  other 
bridge  resistors,  made  variable  and  calibrated  In  degrees* 

By  replacing  the  "thermistor"  with  an  appropriate  sensli^g 
device,  many  other  "control  systems"  can  be  developed* 
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SUMMARY 


purthur  study  of  Parallel  Resistive  Circuits  and  Bridge 
Clrculta^  can  t)e  made  thru  the  many  advanced  publications 
available  in  Technical  Library  Centers. 

The  principles  of  parallel  operation  learned  here,  will 
be  used  throughout  Electronics  training.   All  advanced  cir- 
cuits use  the  P^allel  connection  to  provide  a  comnon  power 
source  for  their  operation*   Resistors  connected  in  paralleli 
can  produce  a  special  resistance  value  needed  in  some  applica- 
tions. 

The  flow  of  parallel  currents  thru  "branches" »  and  the 
fonnatlon  of  a  ^'total  current",  will  be  again  studied  in  many 
of  the  circuit  types  to  come.   An  understanding  of  these 
"currents"  Is  essential  to  the  location  of  circuit  "troubles^, 
which  cause  these  currents  to  change. 

Bridge  Circuits,  balanced  and  unbalanced,  foim  the  center 
of  many  types  of  test-equipment  to  be  usedt  in  calibration  and 
troubleshooting.   They  are  used  in  complex  Electronic  circuits 
of  all  kinds.   Trananltters,  Receivers,  and  Control  Systems 
often  emplpy  the  principles  of  Bridge  Circuits  in  unusual  ways. 


Parallel  Resistive  Circuits  SIDE-BY-SIDE  in  Electronicsl ! 


NOTES 
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MODULE  6 

PARALLEL  RESISTIVE  CIRCUITS 

This  Guidance  Package  Is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course,  It  Contains  specific  Information,  including  references  toother  resources 
you  may  study,  enabling  you  to  satisfy  the  learning  objectives « 

CONTENTS 


TITLE 

Overview 

List  of  Resources 

Adjunct  Guide 

Module  Self- Check 

.answers 

OVERVIEW 

1*  SCOPE:  It  Is  often  necessary  to  connect 
several  electrical  devices  across  a  single 
power  source  so  tbe  full  voltage  of  the  power 
source  Is  across  each  device*  Such  a  circuit 
Is  a  parallel  circuit.  This  module  discusses 
Kirchhoff's  law  and  applies  It  to  a  parallel 
circuit.  Vou  will  solve  DC  parallel  resistive 
circuit  problems  for  resistance,  current^and 
power* 

2*  OBJECTIVES:  Upon  completion  of  this 
module  you  should  be  able  to  satisfy  the 
following  objectives: 

a*  From  a  group  of  statements^  select 
the  ones  that  describe  Kirchhoffs  Idv  for 
current  and  for  voltage* 

b.  Given  a  parallel  clrcultschematlc  dla-^ 
gram  and  formulas,  solve  for: 

(1)  total  resistance. 

(2)  total  current* 

(3)  total  power* 


PAGi: 

1 
1 
1 

5 
6 

c*  Given  a  bridge  circuit  schematic  dta^ 
gram,  make  necessary  calculations  todeter^ 
mli.e  whether  the  circuit  is  balanced  or 
unbalanced* 

LIST  OF  RESOURCES 

To  satisfy  the  objectives  of  this  module, 
you  may  choose,  according  to  your  training, 
experience^  and  preferences,  any  or  all  of 
the  following: 

READING  MATERIALS: 

Digest 

Adjunct  Guide  with  Student  Text  KEP-ST-1 
Programmed  Text  KEP-PT-8 

AUDIO- VISUALS 

TVK  30-lOlP  Parallel  Resistive  Circuits 
(Analysis) 

TVK  30-lOlQ  Parallel  Resistive  Circuits 
(Power) 

TVK  30*101R  Resistive  Bridge  Circuits. 

SELECT  ONE  OF  THE  RESOURCES  AND 
BEGIN  YOUR  STUDY  OR  TAKE  THE 
MODULE  SELF-CHECK* 


Supersedes  KEP-GP-6,  1  February  1975.  Use  old  edition  until  supply  is  exhausted* 
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ADJUNCT  GUIDE 

INSTRUCTIONS: 

Study  tho  referenced  materials  ^  directed. 

Return  to  this  guide  and  answer  the 
questions. 

Cotiflrm  your  answers  In  the  back  of  this 
Guidance  Package  i 

U  you  experience  any  difficulty,  contact 
your  instructor. 

Begin  the  program. 


A.  Turn  to  Student  Text  Volume  I  and  read 
paragraphs  5-61  thru  5^76.  Return  to  this 
page  and  answer  the  following  questions. 

1.   A  parallel  circuit  is  defined  as 


2.  In  a  parallel  circuit  E^,  E2t  &  E3 
are  always 


3,   In  a  parallel  circuit  I^ 


4*  The  formula  for  finding  Rt  for  3  resistors 
is 


5.  The  formula  for  finding  Rt  for  2  unequal 
resistors  is 


6«  For  parallel  resistors  of  equal  value  use 
Rt  = 


7.  When  two50*ohm  resistors  are  connected 
in  parallel,  the  equivalent  resistance  is; 

^  —  >  a,    100  ohms, 

^—  "  b,   90  ohms 4 

  c«   29  ohma« 

 ,  d,   9  ohms. 

64  When  three  resistors  having  values  of  10, 
20,  and  30  ohms  are  connected  in  parallel, 
the  equivalent  resistance  is: 


ohms* 


^*  More  than  30  ohms* 

b«  Less  than  10  ohms* 

c,  Less  than  30  but  more  than  10 

d.  20  ohms. 


CONFIRM  YOUR  ANSWERS 


B*  Turn  to  Student  Text  Volume  1  and  read 
paragraphs  5-79  thru  5^101.  Return  to  this 
page  and  answer  the  following  qMestions. 

1.  What  form  of  Ohm's  Law  would  be  used 
to  solve  for  the  applied  voltage  in  a  parallel 
circuit? 


C.  E^=IR 


b. 
d. 


E 

Ea==I  f  R 


2.  In  the  diagram  shown,  if  another  resistor 
is  placed  in  parallel  with  R4,  what  happens 
to  total  power? 


T6  mA 

R£P4~850 

a.  Increases* 
b«  Decreases 

c.  Remains  the  same* 

d.  Depends  on  the  applied  voltage « 
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PJiP4'0SX 

What  le  the  total  resistance? 

 a.   29  Ic  ohme 

_       12  k  ohme 
— ^       4  k  ohms 
  2  k  ohme 


the  total  current  Is: 

 a*   33  mA 

b.   36  mA 

 c.   34  mA 

— *  d,    22  mA 


6*   What  la  the  applied  voltage? 

a.  30  V 
^_  b.  50  V 
■  c.  70  V 
  d.    90  V 


10  ISA 


'7  kA- 


2 


7.   Rt  equals: 

—  a.   1  »25  k  ohms 
-     b.   2.5  k  ohms 

m~  5  k  ohms 

—  --  d.   10  k  ohms 


10   ^5     I>2t5  In- 


5  ^2.5<10 
kAS  kA<kjn^ 


6.   What  Is  the  total  resistance? 

 a.   5  k  ohms 

■       6  k  ohms 

  Ct   6  Ic  ohms 

„         d,   9  k  ohms 


80  V 


5  mA  [a  mA  1  9  ibA 
a)     (a)     [ A 

MO  k/L 

'20  k-n. 


2  ess 


fi.   What  la  total  current? 

 .  a.   20  n)A 

■  —  -  b«   30  mA 

-  c*   40  n)A 

■  d,    50  mA 


12  kri- 


10.    What  Is  total  power  dissipated? 

  a.    5000  mW 

,   b.    2000  mW 

  500  mW 

 d.  20n)W 


REP  4'8S0 


11.   U  another  branch  Is  added  to  a  parallel 

circuity  It  will   

and  Rt  will  ,  . 

CONFIRM  TOUR  ANSWERS 


Ci  Turn  to  Student  Text  Volume  1  and  read 
paragraphs  9-102  thru  S-114.  Return  to  this 
page  and  answer  the  following  questions^ 

1 4  Identify  the  conditions  of  the  balanced 
bridge  circuit. 


Ea  — 


 .  a.   Current     flow     through  the 

galvanometer  ani  no  difference  of  potential 
between  point  A  and  B. 


 b.   No  current  flow  through  the 

galvanometer  and  no  difference  of  potential 
between  points  A  and  B. 

  c.   No  current  flow  through  the 


galvanometer  and  a  difference  of  potential 
between  points  A  and  B. 


2«  The  bridge  circuit  shown  may  be  used 
as  a  Wheatstone  Bridge  to  measure 


a.  Current. 

b.  Voltage. 

c.  Resistance 

d.  power. 


REP  4-361 
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3*   Decreasing  Ea  wlir. 

*  ■  a*   Increase  current  from  A  to  B> 

 »  b*   Increase  current  from  B  to  a» 

'   c*   Decrease  current  from  A  to  B* 

  Have  no  effect  on  current  from 

A  to  B  or  B  to  A* 


4.  If  the  voltage  applied  to  a  bridge  circuit 
is  tncreasedt  the  current  through  the  gal- 
vanometer wiU: 

.  .  a*   Increase^    if    the   bridge  is 

balanced. 

.   b^   Decrease^    if    the   bridge  is 

balanced, 

,  .  c*   Decrease,    if   the   bridge  is 

unbalanced, 

.          d.   Increase,  if    the    bridge  is 

unbalanced* 


5.  In  order  to  use  the  bridge  circuit  to 
measure  unknown  resistances; 

  a*  There    must   be   no  variable 

r^sistor- 

 b-  One  resistor  must  be  variable, 

.  .  c.  Two  resistors  must  be  variable* 

.  .  d.  Three  resistors  roust  be  variable. 


6.   '^at  is  the  voltage  from  A  to  B? 

-   a.   25  V 

  b.   2  V 

  c.   27  V 

.   d.    0  V 


7*   Current  flow  will  be  from: 

  a*   B  to  A* 

.  b*   A  to  B* 


R£P  4'8$4 


8,  In  the  circuit  shown,  the  current  through 
the  galvanometer  Is: 

-    a>  Zero. 

 b.  Flowing  from  A  to  B. 

  c.  Flowing  from  B  to  A. 

-  -  —  d«  Greater  than  Ip3* 
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0.  II  the  current  through  th<»  salvanometer 
in         what  U  the  resistance  of  HS? 

-        a.   3.3  tc  ohma 


.  b.   6.7  k  ohma 
—  c.   13.3  k  ohms 
 ,  d.    20  tc  ohms 


REP  4-566 

10.  For  the  bridge  to  be  balanced,  the 
resistance  at  R4  must  be: 


a.  3.3  ohms. 

b.  30  ohms. 
.  c.  90  ohms. 

d.  120  ohms. 


REP  4-367 


CONFIRM  YOUR  ANSWERS 


MODULE  SELF-CHECK 

QUESTIONS: 

1.    A  parallel  circuit  is  defined  as 


2,  In  a  parallel  circuit  Ea>  Ei,E2andE3 
are  always 


3.   In  a  parallel  circuit  It  « 


4.   Klrchhotfs  Law  tor  current  atates  that 


5.    KlrchhoH's  Law  for  voltage  states  that 


6.  In  the  circuit  shown, 

a.  total  resistance  =  — 

b.  total  current  =  

c.  total  power  =  — : — 


Remember  E  =  IH  &  P  =  El 


REP  4'363 

7.  The  bridge  circuit  shown  is  (balanced) 
(unbalanced). 


CONFIRM  YOUR  ANSWERS 
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ANSWERS  TO  A  -  ADJUNCT  GUIDP 

1.  A  circuit  with  two  or  more  devlcea 
connected  across  the  entire  voltage 
source;  a  circuit  having  more  than 
one  path  for  current  flow. 

2.  equal 

3.  Ii  f  I2  f  I3 
4.  H. 


t 


Rl 


1  JL 
H2  R3 


5.  H. 


Rl  X  R2 


6.  Ht=^ 
7.  c 

e.  b 

If  you  missed  ANY  questions,  review 
the  material  before  you  continue. 


ANSWERS   TO   B  -  ADJUNCT  GUIDE 


1. 
2. 
3. 
4. 
5. 
6. 
7. 

e. 
9. 
10. 


c 
a 
d 
d 
a 
a 
b 
a 
d 
b 


1 1 .   Increase- Decrease 

!f  you  missed  ANY  questions,  review  the 
luterlal  before  you  continue. 


ANSWERS  TO  C   -  ADJUNCT  GUIDE 


1. 
2. 
3. 
4. 
6. 


b 
c 
d 
d 
b 


6.  b 

7.  b 
6.  c 
9.  b 

10.  d 


li  you  missed  ANY  questions,  review 
the  material  before  you  continue. 


ANS'AfERS  TO  SELF-CHECK: 


1. 


2. 
3. 
4. 


5. 


6. 


7. 


A  Circuit  with  two  or  more  devices 
connected  across  the  entire  voltage 
source.  A  circuit  with  morethanone 
path  for  current  flow, 
equal 

II  +  I2  + 13 

The  sum  of  all  current  s  flowing  to 
a  point  must  be  equal  to  the  sum  of 
all  the  currents  flowing  iiway  from 
that  point. 

The  applied  voltage  is  equal  to  the  sum 
of  the  voltage  drops  around  the  circuit. 

a.  6.67  k  ohms 

b.  45  mA 

c.  13.5  W 
balanced 


HAVE     YOU    ANSWERED    ALL    OF  THE 
QUESTIONS  CORRECTLY?  IF  NOT,  REVIEW 
THE     MATERIAL    OR    STUDY  ANOTHER 
RESOURCE    UNTIL    YOU    CAN  ANSWER 
ALL   QUESTIONS    CORRECTLY.   IF  YOU 
HAVE,     CONSULT     YOUR  INSTRUCTOR 
FOR  FURTHER  GUIDANCE. 
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RadAT  Pfinolplas  Branch  Rrogranwd  T«xt  KEEWPT-9 

Koaolar  Air  Foroa  Baaa,  Klaolafllppi  Ebraparad  by  Kaoslar  TTC 

Ndveifllbar  1975 

Eleotronlo  Arlnolplaa 
Hodula  9 

Serlaa-^arillel  Rootatlva  drculto 

Hoot  circuits  in  elootronlo  equipment  are  cocnblnatloAa  of  serlee  and  parallel 
cotaponenta-   A  aeideD-^willel  olxoult  con&tsta  of  graupe  of  parallel  cooponente 
oonnaoted  In  aarlea  with  otbor  oomponenbsi  and  ham  both  oerlea  and  parallel  patha 
for  current  flow*   It  la  Ijiqportant  that  you  aa  a  technician  know  the  operation  of 
aerlea-parallel  circuital  know  vfaut  la  asqteoted  at  various  polnta  in  the  circuit 
ao  that  idien  oalfunctiona  occur  you  will  be  able  to  isolate  these  malfunctlona  and 
correct  theo* 


OBJECnVSS 

1-  Gliran  a  aerlea^arallel  circuit  acheoatlc  diagram  and  fomrulaai  soIto  for 
total  resistance,  total  current,  total  power,  and  indirldual  voltage  drops* 

XN3IRUCTI0II3 

1«    Thla  programed  text  is  prearated  In  Aranea*   there  are  two  firanea  on  each 
page*    Each  tttm  ahoiild  be  completed  In  the  foUowing  aequancet 

a-    Complete  only  the  top  firame  on  page  1*    Turn  the  page  and  oheck  your 
anawer* 

b-    If  your  answer  la  not  correcti  return  to  the  problem  and  find  your  error- 

c-    Complete  the  top  firame  on  page  3,  and  check  your  answers- 

d-  Upon  completion  of  the  top  Jbrame  of  the  last  page,  go  back  to  P^  1  at 
the  front  of  the  book  and  complete  the  bottom  1a  sequential  order  ttotA 
to  back- 

2-  Wien  you  have  completed  the  last  ttwny^^  work  the  additional  practice  problem, 
if  you  feel  that  you  need  them*    If  not,  complete  the  Module  Self-CheCk- 

OOKSULT  XOmt  INSIBUGTOR  IP  TOU  KBED  HELP 
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Supercedoa  XEP-Pr-9t  1  February  1975-    Ptevious  editions  may  be  used- 
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INSTRUCTIONS 


X*  Thlfl  Ifl  a  programed  taxt  end  material  la  presented 
in  framef*  There  are  two  frames  on  each  page«  Tou  wlXX 
compXete  each  frame  In  the  foXXcvrlng  aaqueticet 

a,  CordpXete  the  top  frame  on  page  X« 

b.  Turn  the  page, 

Ct  Check  your  answer  on  the  back  of  page  X  (Feedback) « 

d,  CompXete  the  frame  on  page  2,  etc« 

e,  Upon  compXetlon  of  the  top  frame  of  the  Xaat  page, 
go  back  to  page  X  at.  the  front  of  the  book  and 
conplete  the  bottom  In  sequentlaX  order  front  to  back* 

2«     Make  sui*e  each  response  Is  checked  after  each  answer « 

3«     IVhen  yov.  have  oompXeted  the  Xast  frame,  continue  to  the 
Test  In  back  of  the  book* 

4«      CompXete  the  Module  Self*Chack. 
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Sknik*  -  Pana(.(.«(.  DCCincuit*  BX-iimi 


A  circuit  wlch  both  SERIES  and  PARALLSL  paths  for  current 
flow  la  a  Se/les  Parallel  Circuit. 


When  there  ere  both  Series  and  Parallel  paths  for  currant 

flow  within  a  circuit  that  circuit  Is  known  as  a  S    . 

P  circuit.    (Answer  on  next  page). 


To  solve  for  total  current  In  the  above  circuit,  we  would  use 
Ohm»s  Law      -       .    Ve  know  the  applied  voltage  I3  64V 

and  we  have  found  that  the  total  resistance  Is  iSKCi  .  All 
we  need  do  now  Is  substitute  In  the  formula. 
Solve  for  Xi^.    (Show  Work) 

"   Turn  page  for  correct  answer 
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NtK*  -  PaMALLKI.  DC  CiNCUtT*  BX-tMtl 


la. 


SERIES  FARALL£L  CIRCUIT 


E 

IT 


Ij" 


Ij-  6itV 


4^ 


4  X  10~3  or  4  ma 


2  f]Q-y 


SlHIMS-  pAI<AI.LiL  DC  ClHCUITS  BX-IM*I 


2.     B«low  Ar«  som«  schematic  representations  of  Series- 
Parallel  Circuits.  ^ 


Fta.Uo) 

r 


.R2 


•R3 


r 
t 


R2 


r 


-VSAr 


;R2 

'R3 


Figure  1  (a)  is  a  schematic  ropre- 

aontation  of  a  S  

P   circuit 

The  circuit  in  3  (a)  is  called  a 
S  P 


circuit* 
Turn  page  for  answer 


25*    According  to  the  Series  Circuit  current  rule,  total  current 
or  4  ma  of  current  will  flow  through  all  components 
connected  in  series;  therefore,  4  ma  of  current  will  flow 

through  the   Kft  resistor  since  it  is  the  series 

component f 


64V-~ 


Tvxn  page  for  correct  answer 
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'     S«Ri«»-  Parai.l«l  DC  Circuits  BX-ima 


2a, 


SERIES  PAKALLEL  CIRCOZT 
SERIES  PARALLEL  CIRCaiT 


25a. 


lOK  resistor 


605 


S«pii«i  -  Papiauuku  DC  CipicaiTi  BX*iuii 


3*     Fta.4«a)  R, 


Pig.  ih* 


:R3 


R4 

I— VVAr- 


In  Figure  t^,       arid      are  the  components  that  are  In 

series.        and  R3  are  in  P  .    We  call  this 

circuit  a    circuit. 


Turn  i>age  for  correct  answer 


26.    Now  that  we  Icnow  the  etirrent  through  R^^  (total  current) 
we  may  use  Ohn's  Law  formula  for  finding  the  voltage  drop 
across  R^^* 

E-IIR   Ejj^-l^IRj^.  %^-4maX10K 

En^-  (4  X  10"3)  (10  I  ICp)  -  40  X  lO**  or  407 
We  use  only  the  values  pertaining  to  the  Fig.  jJlOa. 

component  that  we  are  working  with  to  ^1 

lOKa 


solve  for  individual  values.    If  we  are 
solving  for  the  voltage  drop  across  R^ 
we  would  use  only  the  values  that  pertain  —p* 


R2 

oca 


to 


Turn  page  for  correct  answer 

•5 


700 


3a. 


PARALI£L 
SERIES  PARAII£L 


26a, 


.6 

701 


SsfiiKt  -  Pahauu«u  DC  CmcuiT*  BX-iwii 

4*     If  both  seriao  and  parallel  patha  for  current  flow  la 
provided  in  a  circuit  we  call  that  olrcult  a 
  circuit. 


Turn  page  for  correct  answer 


27«    In  a  sliaple  serlea-paraUel  circuit  like  the  one  that  we 
are  dealing  with  we  may  use  Kirchhoff'a  voltage  law  to 
find  the  voltage  drop  across  the  parallel  branch «    "The  sum 
of  the  voltage  drbps  around  anv  closed  circuit  equals  th^ 
applied  voltage/ 

Since  the  applied  voltage  in  this  circuit 
is  64V«  and  407  was  dropped  across  Rx  we  can 
subtract  407  from  the  total  voltage  and  thus 
find  our  voltage  drop  across  Rg  and  Rj*  **C"^^StSl 

-  Ri  *  R2^3 
647*  407-  247 

Voltage  dropped  across  the  parallel  branch  is  7. 
In  a  parallel  circuit  the  voltage  Is  the  same  across  each 
branch,  therefore,  if  247  Is  felt  across  R2  we  will  also  feel 
,  7. across  R^* 


ERIC 


702 


I, 


ScNica     Pahauu«u  DC  Circuits  BX-iimi 


4a. 


SERIES  PARALLBL 


27a. 


247 


247 


fi  703 


S«nl««  -  pARALLtL  DC  ClnCUir*  BX- IM«1 

5«     Draw  two  schematic  represontatlono  of  Series-Parallel 
Circuits. 


Turn  page  for  correct  answer 


2S,    VJe  way  also  use  the  formula  E  •  1  X  R  to  find  the  voltage 
drop  across  the  parallel  branch.    This  is  our  series 
equivalent  of  the  circuit  Fig*  j$^Oa«    If  4  na  of  total 
current  flews  in  the  circuit  and  the  equivalent  resistance 
of  is  6Kn  p  WA  may  uae  the  formula  E     I  X  R  (using 

the  equivalent  resistance  and  total  current)* 

lOKA 


FtglOid) 


S  >lve  for  the  voltage  drop  of       and  R^, 
(Show  work) 


Turn  page  for  correct  answer 
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Scriic»  -  Parallel  DC  Cip<C'iit»  BX*ii««j 


The  above  circultd  are  two  of  the  many  possible  schematic 
representations  of  series  parallel  circuits* 


23a,  E  -  1  X  R 

Ep     "  Xd       X  Ra  ^ 

"2,3 

Eji^  2»  (4  X  10-3)  (6  X  io3) 

"^2.3°  ^  ^  ^'^^^ 
ER2^3-24V 


10 


705 


Sci«i««-  Panallkl  DC  CiNcuiTft  QX-iMti 


6.     Series  parallel  circuits  may  look  complicated  but  any 
circuit  no  matter  how  complex  can  be  broken  dovm  into 
its  Series.  Circ^lt  equivalent.    Below  is  an  example  of  a 
complex  looking  Series-Parallel  circuit  and  its  series 
equivalent.    Once  the  circuit  is  broken  down  Into  its 
_   ^  it  is  very  easy  to  find  the  resistance 


total  of  the  circuit* 
Fta6U)  R| 


Flg.6(b) 


Fig.  6(c) 


I — VW 


This  la  what  the  power  source  actually  aees 


29;    Novr,  we  laay  again  us«  Ohm's  Law  for  calculating  the 
current  through  R2  and  R^,  keeping  in  mind  that  in  a 
parallel  circuit  "THE  SUH  OP  THS  BRANCH  CURRENTS  MIST  EQUAL 
TOTAL  CURRENT."    To  find  cxirrent  through  Rg 


I  -  E,  I 


■R2  '  ^R2 


^2 


(Show  Work) 


Flo.  iota)  Rj 

 VW- 

-A   

64  V. 


X 


_ma  current  ttirough  Rg. 


Turn  page  for  correct  answer 
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SiNiKs  -  Panauuku  DC  CtffcuiTs  BX~tu*t 


6a. 


SERIEd  EQaiTALENT 


29a.  1  «  E 


Id  - 


24  X  IQO  -  2.4  X  10"^  or  2.4  ma 


2     10  X  10-^ 


12 

707 


30. 


S«niK»  •  Pahaluku  DC  CinouiTs  BX-imi 

Flo.  6(4  Ri 

I — WAr— 1  1 

.  oa.       J.  R2L  i^S 

"IT"  TKfl>  ?3Kfl 


Let  us  atudy  Fig.  6a.    Since  R^^  is  In  series,  and  and 
R3  are  the  components  that  are  in  parallel,  to  solve  for 
Ri]«,  let  us  begbi^with'R^  and  R^  since  they  are  farthest 
from  the  power  source.    These  resistors  are  in  parallel 
and  are  of  unlike  value;  therefore,  we  will  use  the  Product 
over  the  Sum  method  to  solve  for  the  equivalent  resistance 
of  the  two  branches. 

■  51i_L52_  is  the  fomrula  for  the  P  over 

Rl  +  Rg 

the  method.  Turn  page  for  correct  answer 


Ftg.  lOti)  R|      Fig.  10a. 


I  WV 

^  WW 


If  according  to  fCirchhoff's  Law  the  sym  of  the  individual 
branch  currents  must  equal  total  current,  and  we  have  4  mn 
of  to'^al  current  in  the  circuit,  with  2.4  ma  flowing  through 
Rg  then  we  should  have   ma  flowing  through  R^. 

Turn  page  for  correct  answer 
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Sknui  -  Panaulku  DC  CiNcurrVBJC-m*! 


7a. 


FHODUCT  OVER  THE  SOH  METHOD 


30a. 


4.0  ma  of  total 

-2,L  aa  through  R2 
1.6  through  R3 


709 


Substituting  In  our  formula  using 
nho  produot  ovor  tho  sum  mothod  w«  hav 


 \AAf 

J.  lOKO 


R|  Pis* 


Converting  to  powors  of  tan  wo  have 

(7  X  loh  li  X  loh  -  21  X  10^  -  2.1  X  10- 
(7  X  103)+t3  I  103       10  I  103 

Our  circuit  now  looks  like  Figure  6b. 
To  find  the  equivalent  resistance  of  the 
two  components  of  unlike  value  In  Fig.  6a. 
we  used  tho   over  the   method 


or  2.1Kn 

Fig.  #6b. 
— 


r 
:t 


R|  lOKfl 


Turn  page  for  Correct  Answer 


31.    We  may  also  solve  for  l^^  by  using  Ohm's  Law  and  the 
values  that  pertain  to  R^. 

X  »  E  Rg.  I0(o)  A 


Solve  for  Ip    (Show  work) 
"3 


Turn  page  for  correct  answer 
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7^^ 

SkniK*    Panallkl  DC  Cimouit*  BX-tiMi 


da. 


Product  over  the  Sum  Hathod 


31a.       I  »  E 


Ip    "  24V  -  Id    «  24  I  10°  -  1.6  X  lO"^  or  1.6  ma 
"3    "I?ir      ^3     15  X  10^ 


lj(   ■  1.6  ma  of  current. 


16 

711 


9. 


Semi**  PAPtALLxL  DC  Circuit*  BX-imt 

Our  soriaa  circuit  resistance  fornrula  nay  now  be  used, 
j^,  -      +      +  R3.    Substituting  %  -      +  ^2,3 

14.  -  lOKn  +  :4.iKn      %  "  ^^-"^^ 

tfe  have  broken  the  circuit  in  Figure  6a.  down  into  its 
Series  equivalent. 

I  R|!5 


T 


Any  circuit  no  natter  how  complex  can  be  broken  down  into 
j^^g   equivalent  in  order  to  find  R^. 


Turn  page  for  correct  answer 


32.    note:    We  have  now  solved  for  all  the  missing  values  in  this 
circuit.    Pill  in  the  missing  values. 

Fig.  KHa)  R) 

I —  1  1 

Ea  i  k^^ 

T  


V 

IR3. 


Turn  page  for  correct  answer 
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Enri*  -  Pahallil  DC  Cineurr*  BX-tma 


9a. 


SSRIES  EQUITALENT 


32a.  l6Kn 
^  ma 


713 


10* 


Fig. 


\th9n  thero  are  two  raaistora  of  unlike  value  in  a  circuity 
we  use  the  Product  Over  the  Sum  Ifethod  to  find  the  equivalent 
resistance  of  that  branch* 

To  rind  the  equivalent  reaiatance  of  R]^         In  Figure  7a» 
we  woxild        the  P  over  the  3  method* 

(a)    The  equivalent  resistance  of  R]^  +  Rg  is  

NOTE:  If  you  did  not  do  this  correctly  turn  back  and  review 
what  you  have  read* 


la 


33. 


Pig 


#iu. 


45V 


s 

1  AA 


R2  5Ka 


In  Figure  11a.  total  current  leaves  the  negative  side  of  the 
power  source*  a  portion  goe0  through  Rxfthe  remainder  goes 
through      and  R3*  combines^and  total  current  i?oes 
through  R4  before  returning  to  the  positive  side  of  the 

Jower  source*    Our  series  equivalent  of ^his  circuit  will 
00k  like  this.  R4 

Pig.  lib.  I  WAr- 

1  lOKa 

5Ka 


Total  resistance  of  the 
the  circuit? 


circuit  can  now  be  found.    What  is 


K. 


Turn  page  for  correct  answer 
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Skhik*  -  Panallkl  DC  Cm&uiT*  BX-tM*t 


^0**  Product  ovor  the  sum, 

(a)    Rt  -  Kj^XK2  "  dKXJKn         (d  X  ItP)  (21  lO^)  - 
Rl  +  R2     dK  +  2Kn         d  X  103  +   2  X  103 

16  X  10^      1  ^  V  3 


33a«  R^  is  the  series  component. 

Rl  is  in  parallel  to  ^2,^  i*lch  are  in  series 

therefore  K2^3  are  additive 

5K+  5K  -  5  X  103  +  5  X  103  -  10  X  103 

Rj^  "  lOK 

\2,3  -  5K 

^  "  ^,20  +  \  «  5K  +  lOK  -  5  X  103  +  10  X  103  -  15K 
R^  -  l5Kft 


20 
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7^7 


11. 


Pig.  if^ 


Skniks  -  Panau.ku  DC  CiNouiTs  BX-iMti 
— VWr 


t 


i.6Ka 


R5  3Ka 
-wv  


and      aro  also  in  parallol  and  are  of  unlike  value; 
therefore,  we  would  still  use  the  PRODUCT  over  the  SUM 
method  to  solve  for  the  equivalent  resistance  of  these 
two  branches.    Using  this  method,  we  find  the  equivalent 

resistance  of  the  parallel  branch  to  be   ^Kft  . 

(Show  Vork) 


(  Turn  page  for  cotnputations) 


3^.    The  circuit  in  Fig.  i^la.  is  more  complicated  than  the 
others  we  have  studied.    Please  keep  in  mind  that  the 
values  to  be  found  do  not  have  to  be  solved  for  in  the 
order  they  are  listed.    It  would  be  easier  to  find  the 
current  and  the  voltage  drop  of  the  series  components 
first.    Ifliat  is  the       of  the  circuit?    (Show  Work) 

Xj  Fig.  #lla 


totca 


Turn  page  for  correct  answeV 


 1 

SKfl 


lOKfl 


R2 


ierIc 
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Skriks  -  Pahauuku  DC  Circuits  BX-im*i 


R3  +  6K  +  4K  (6  X  +  {4  X  10-*)  10  X  lO-* 
2.4  X  10^  or  2.4  Kn 


1       E  ■a 
T     JL  -  U5V  -  45  X  10<*  -  3  X  lO"-*  -  3  ma 


15  I  10^ 


22  717 


12.    After  finding  our  equlvalant  r«alatanc«  of 

wt  should  now  hav«  a  circuit  that  looka  like  thla. 

Pig.  #7c.   

1  l®*^ 


t 


R9  3Ka 

-WSr 


^4Ka 


tf«  can  now  a&ploy  our  Sarlaa  Circuit  raaiatanca  rule  to  the 

circuit  and  add  the  resiatances. 

This  is  irtiat  the  power  source  aeea. 


-  1.6K  +         +  31^ 


Pig.  #7d. 


T    ^ 


r 


TUrn  pAg«  for  correct  Anmar 


I 


35*    Now  that  we  have  a  total  reaiatance  and  total  current*  we 
know  the  amount  of  current  that  flowa  through  R^  since  it 
la  our  aerlea  cooq>onent.    It  la  eaaier  now  to  aolve  for 
Ejj^  using  the  formula  E  -  1  X  R.    B^^  -  1^^  I  R^ 

Fig.  #  11a. 


Ep  -  V. 


I— -v5J 

1  mt 


stca 


Turn  page  for  correct  answer 
23 
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SftRits  -  PARAUL.tL.  DC  Circuits  SX  itMi 

12a. 


TKft 


35a.  E  -  I  X  R 

Er^=*  3  ma  X  lOKft 

Ep  =  (3  X  10-3)  (10  X  io3) 

Ep  »  30  X  10** 

Er^«  30  V 


13. 


7// 


Fig, 


{a 


r 


«l  22Ka 


R2C  1«3 


In  Fig.  #da*       la  the  series ,raalator.    R^*  R3  alao 

are  of  like  valua;  tbarefore,  wa  will  usa  tha  Llka  Matiiod 
to  solva  for  the  equivalent  realstance  of  thaae  branches; 
Tha  formula  Rt  "  |*  ^2,3  we  say      -  R  -_dOKfl 

«  ^Kfl  Is  tiie  equivalent  resistance  of  ^2,3» 

Using  tha  L  M  wa  find  tha  equivalent 

resistance  of  R^^j  to  be  Kft   (Shon*  Work) 


Turn  page  for  Correct  Answer 


36*    Since  Ri  la  In  parallel  with  R^  and  R^  which  are  In  series, 
we  know  that  according  to  our  parallel  circuit  voltage  rule, 
R^  will  feel  the  difference  between  total  voltage  and  the 
volta,'5e  dropped  across  R^^  and  that 


Eg    and        voltage  will  add  up  to 

*  3 
equal  that  same  voltage  since  they 

are  in  serien,  but  are  parallel  to 


Fltt.iito)^f^ 

1  ^^^^ 


-'Sk  1 

SKA 


EA 


*1- 


45V  -  3OV  or 


V*    What  Is 


lOKa 


-AVt — 
SKA 


the  voltage  drop  across  R^^ 


Turn  page  for  Correct  Answer 
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7/3 

Sknik*  -  PanAllkl  DC  CineuiT*  BX-im«i 


14.    If  your  answer  was  10  Kftof  aqulvaUnt  reslatanoe  for 
and      you  wera  oorract. 

NOTE;  If  you  failed  to  gat  10  KQ  you  have  forgotten  thp  Like  Method. 
Let  ua  review  quickly.    If  all  the  componenta  are  of  like 
value,  we  can  use  the  like  method      «•  ^.    R  stands  for 
the  value  of  either  of  the  resistors  since  they  are  all 
alike,  N  stands  for  the  actual  number  of  resistors  that 
are  of  Ilka  value.    If  wa  had  4  -  12  K  resistors  we  would 
use  the  formula  R^     R.    R^  ^ 

The  total  effective  resistance  of  the  circuit  woxild  be 
 ^kft  .  • 

Turn  page  for  Correct  Answer 

37.    Now  that  we  know  the  voltage  drop  of  R^^  ^ra  can  use  Ohm's 
Law  to  r'olve  for  the  current  through      by  using  the 
formula  Ij^^""  Er^  Pig.  #iia 

R4 

Solve  for  the  current  througji  ^  £ — Jolca" 


Turn  page  for  Correct  Answer 
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SCNICB  -  PaNALLCL  DC  CiNCUITB  QX- 


3Kft 


IS  X  10°  -  1.5  I  10 
10  X  10-* 


-3 


Ip    -  1.5  ina 


2d 


SCNIKS-  PanALL«L  DCClNOUlTft  BX-tM*l 


15.    Lit  ua  go  biLck  to  Plsure         After  finding  the  equivalent 
realatance  ot  Hj^  and      to  be  lOKft  »  our  circuit  now 
looka  like  thla: 

Pig.  §&\>. 


r 
t 


fOKa 


80k|  iBom 

22Ka 


To  find  the  equivalent  resistance  of  and  Rj  we  now  would 
use  the  L  M  _* 


^im  page  for  Correct  Answer 


36*    Since  we  have  found  the  current  through  R^^  and  we  know 
that  the  balance  of  the  total  ctaxent  will  flow  throu^ 
R^  and  R^  because  they  are  in  series  yet  are  parallel  to 
K^^p  we  merely  subtract  R^^  current  from  total  current) 
thus  giving  us  current  for  Rg  and  Ry 


Solve  for  I 


Pig.  #la. 


Ir. 


SKa 


Turn  page  for  Correct  Answer 
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HtEw  »  Panalliu  DC  Cmcoirs  BX-iM»t 


15a. 


LIKE  MEn^OD 


3da.  1^  (Series  Components) 

-  1.5  ma 


30 


7/7 

Skniki  -  Panallkl  DC  CinoutTi  BX-i»mi 


16.    R2  and      are  also  of  like  value  and  they  are  alao  In 

parallel.    We  use  the  1»_  «  _  M  _  to  solve  for 

the  equivalent  resistance  of  these  two  branches.    Since  we 

used  the   to  solve  for  the  equivalent 

resistance  of      and  R^  we  found  our  equivalent  resistance 

to  be   Kti  •    {Show  Work) 

Now  we  have  a  circuit  that  looks  like  thlst 

FlS*  #dc. 


ma 


I 


LR2.3 
;40Ka 





Turn  page  for  Correct  Answer 


39*    Now  that  we  have  solved  for  the  cxirrent  throu^  R^  and  R^, 
we  may  use  Ohffl*s  Law  to  calculate  for  Er^  and  Ej^^  by 
applying  the  formula  E  »  X  X  R 
Solve  for  Ejj^   {Show  Work) 


Fig.  #  11a. 


SKA 


Turn  page  for  Correct  Answer 
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Skhic*  -  pAmAUUKi.  DC  Cinouitb  BX-im«i 

l6a. 


Llk«  2tothod 

Like  Method     Rm  R 

40Kn  R-  -  go  K 

R^  <"  ^  KH 


39a.  E  "  1  I  R 

Ejj^-  1.5  wa  X  5K 

Ejl^-  (1.5  X  10"^)  (5  X  10^) 

Er^-  7.5  X  lOO 

Er2-  7.5  V 


32 


7/? 


17. 


Now  that  the  sircuit  has  bean  raduced  to  its  aariaa 
aquivalant,  via  niay  now  employ  our  aariaa  raaiatanca 
rula  to  solva  for  total  raslstanca. 


+      +  R3     Rt  "  22K  +  40K  +  lOK 


Turn  paga  for  Correct  Answer 


W.    Solve  for  Ej^, 


(Show  Work) 
Fig.#Ua. 


I 


Turn  page  for  Correct  Answer 
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Sknicc  —  Pakauuku  DC  Cmcuits  BX-im«i 


17a. 


72Kft 


Wa.  E  = 

I 

X  R 

%3  3:  R3 

1.5  ma  X  5K 

(1.5  X  10-3)  (5  X  103) 

7.5  X  10° 

="3 

7.5V 

34 


SiNii*  -  Panaulil  DC  CmouiT*  BX*tMi 


Id.    CuleuXate  the  total  resiatanea  ot  the  eireuit  balow: 


Pig.  #9a. 


Kn 


Turn  paga  for  Correct  Answer 


41.    We  have  now  solved  for  all  of  the  missing  values  in  the 
circuit  of  Fig.  #lla.    We  have  used  Ohra's  and  Kirchhoff's 
Laws  to  do  this.    Now  fill  in  the  missing  values  in  the 


circuit  below; 
=A   

"t  

It  


Fig.  #lla. 
Rl 

I  VNAr 

I  I5KI 


T 


R2 


SKA 

R4. 
5K0 

R5 


•35 


Turn  pagQ  for  Correct  Answer 
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SCNIC*  •  pANACCCt.  DC  CiNCUIT*  BX^tMM 

iBa.       -  R3  X      -  dK  X  2K      {dX103)  (2X1(P)  -  16X10^  -  1.6X10^ 
rJTr^     "dK+lic     {dX103)+UH03)  lOXlO^ 
or  1.6Ka 

%"J*1^^"3KX6K  -  (3X103)  {6X10^)-ldX10^-2X103  or  2Kft 

+  Rg     3K  +  6K     OX103)+{6n03)  9X1(P 
R5  -  9Kft 

-  +  Rj  +  R3 
Rt-«1,2  +  E3^^  +  R5 

-  2K  +  1.6K  +  9K 

-  12.6Krt 


Ua.  105V 

Rt  21Kfl 

It  S  ma 

In  5  raa 


JZ5V 


3  ma 


2  ma 


ER3  _iOV__ 
It,     2  ma 

It,       2  ma 


lOV 


36 


SCNIR*  -  PAIIAU.KL  DC  ClNCUtT*  BX-IIWl 

19.    calculate  tha  total  raaiatanoa  of  tha  circuit  balow: 

Fig.  #9b. 


S9H 


SKA 


Turn  paga  for  Actual  Computations 


42.    Total  power  diasipation  in  a  aeriaa -parallel  circuit  is 
found  by  adding  the  power  dissipated  by  each  resistor. 
The  formula  to  use  is      "  Pr^  +  Pr^  +        *  PRjj 

The  formula  for  finding  total  power  dissipation  in  a  series- 
parallel  circuit  is      "  • 


Turn  page  for  correct  answer 
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SiNiM  -  Panaclil  DC  CineuiTs  BX-mti 


19a.       -  9K 

-  9K 

R3  +      -  3.OK 

-  R3R^  X  Rg  -  lOK  X  15  K  -  150  X  10^  -  6K 

V  ^2  +  15K        25  X  103 

«T-^^«2,3,4^«5 
Rj  -  9K  +  6K  +  9K 


3S 


SknI«»  -  Panauuku  DC  CmeuiT*  BJC-tmi 


20.    Current. and  voltage  in  a  Serlea-parallel  circuit  may 

be  found  by  using  Ohm's  Law  along  with  Kirchhoff's  voltag« 
and  current  Laws.    Th«  first  valu«  to  solve  for  in  any 
circuit  is  TOTAL  RESISTANCE. 

vJhrn  solving  for  unknown  values  in  a  circuit,  th«  first 
value  to  solve  for  is  T  R 


W.    Example:  If        dissipates  75  mw  of 


2Ka 


Fig.  ,^12a. 


r-  ™  « 

power  and  ?^  dissipates 
75  nw  of  power  and  Pp 

3 

dissipates  5O  dm  of  power*  we 
can  find  total  power  dissapation 
by  adding 


P^^  -  75mw 
PR2  "  75inw 
pR-  -  50nM 


Turn  page  for  correct  answer 
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Stmtt*  -  Panauuku  DC  Cinouits  BX>iMti 

20a. 


TOTAL  RESISTANCE 


200  nw 
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SCMIKB-  PaMALUHU  DC  ClMdUITB  BX*I*M1 

21.    Onea  total  resistance  in  a  olroult  Is  found,  we  nay  then 
find  TOTAL  Currant  If  total  voltage  is  given,  using  Chm»s 
Law. 

I-E  Ii-Ej^ 

If  total  voltage  is  given  In  a  circuit  and  we  have  found 
total  reslatancei  we  can  find  T„„__C_,^^_^_ 
using  0     ^  ^  Law, 


44.    To  solve  for  individual  pwer  dissipation  in  a  series- 
parallel  circuit  we  use  one  of  the  three  power  formulas 
that  we  were  previously  taugiht.    Vfe  use  P  ^  I  X  E  if  current 
and  voltage  are  given.    Vfe  use  P  ^  I^R  if  cxurent  and 
resistance  are  given»  and  we  use  P  ^  g..    if  voltage  voltage 
and  resistance  are  given.    If  we  have  voltage^  current  and 
resistance  given^  we  may  use  EITHER  of  the  three  pov^r 
fortaulas. 

When  voltage  current  and  resistance  are  given  in  a  series- 
parallel  circuity  we  may  use  (one  of^  either  of^  none  of) 
the  three  power  formulas.    (Choose  correct  answer) 


41 


736 


Skdiki  -  Pahaulku  DC  Cinoutri  BX-iimi 
21a. 


TOTAL  CURREHT 
OHM*s  LAW 


EITHER 


ERIC 


22. 


S«NIK»  -  PaNAUU«U  DC  CiNOUIT*  BX«IIMI 

Fig.  jj^Oa. 


To  solve  for  all  unknown  values  In  the  above  circuit, 
we  woxad  first  aolve  for  R^.    (Resistance  total) 
Solve  for       (Show  wprk) 


45. 


Pig.  )j^3.3a. 


In  the  following  circuit 
we  are  given  enough  known 
values  to  solve  for  I^^, 

% 
(Show  Work) 

Solve  for 


PR, 


Turn  page  for  correct  answer 
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ScHits  •  PAHAuutb,  DC  CiHouiT*  BX-imi 

22a.  Rg^j  ■  ^9  X 

Rg  +  R3 

^2,3  ■ lOKn   X  15Kn     -  (10  X  103)  (15  X  103)  -  150  X  10^" 

lOK     +  15K  (10  X  103)+(15  X  103)       25  X  lOJ 

6  X  103  or  6Kn 

Rt  "  Ri  +  Rz,3  "  «-  10  X  10^  +  6  X  10^  -  16  X  10^ 

or'  l6Kft 


Pri  "  \  ^  \ 
Pp    -  5  ma  X  lOV 

Pr^  -  (5  X  10-3)(10X10O) 

Pjj^  =  50  X  10"3 

pR^  =*  50  mw 

P  -  I  X  E 


^3  ^  ^^^3  ^  ^^3 


P  -  I  X  E 

^2  "  ^^^2  ^  ^^^2 
Prj  -  2.5  na  X  3OV 

Pr    =  (2.5  X  10-3) (30  X  10®) 

Prj  -  75  X  10-3 

PRj  -  75  flw 

-  ^2 
Pr^  »  50  nw 

pRg  «  75  nw 

Pr^     75  ow 

P^  «.  200  nw 

44 
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SiRii*  *  Parallkl  DC  CiROuiTft  BX-iMti 


23.    Applied  voltage  is  given  in  the  oircuit  as  64V.  We 
found  equivalent  resistanoe  to  be  l6Kn  .   'Me  may  now 
use  Ohm*9  Law  and  solve  for  total  current.    Ohm*8  Law 
current  formula  is  1  -  g    ,  for  total  current  we  say 
It  ■  By 

To  find  total  current  in  a  circuit  v/e  use  Ohn's  Law 
f  onmila  Im   • 


^6.    In  the  following  circuit  solve  for  the  following  power 
dissipations: 

Fig. 


Turn  page  for  Correct  Answer 
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SiNii*  -  Panallil  DC  CintiuiT*  B}C-tM*i 


46«.  P  -  I^R  P  * 

Pr;^-        X  Pjj^-  ij^  X  R2 

\  -  (5  X  10-3)2  (9  J  3^q3)  Pjj^,  (3  j  io-3)2(io  x  lO^) 

Pjl^  -  (25  X  10-6)  (9  X  io3  )  Pjj^-  (9  X  10-6)  ^0  J  3^o3j 

Pr^  -  225  X  10-3  p^^,  90  X  10-3 

Pr^  -  225  nw  Pjjjj-  90  m 

P  -  I^R  P  -  1% 

V%  X-ii,xR, 

Pr^-  (2ma)  (5  Kfl  )  Pp  -  (2  m&r  (lOKft  ) 

Pr^=  (  2  X  10-3)2(5  X  103)  f^^^  (4  x  lO"*)  10  X  lo3) 

Pr^~  iU  X  10-6)  (5  3j  3^q3)  Pjj^„  ^0  X  10-3 

Pr  -  20  X  10"3  Pr  -  40  mw 
Pr^"  20  m 


U6 


Pr^-  20nw 
Pr^-  40  m 

Pj  -  375  m 
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B*m*»  -  pAnAbbKb  DC  CineuiT*  BX-im*i 


HOTCt    Turn  b«ck  to  Paae  1  «nd  oontlnu*  working 


47,    In  tha  circuit  below,  solve  for  power  dissipation  using  the 
appropriate  formula.    (Show  Work) 


NOTEi    If  you  finish  this  part  of  the  text  before  the 
allotted  time,  do  the  additional  practice  work  that  begins 
on  the  next  page. 

Turn  page  for  correct  answer 
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S«nrca  •  pAHAkLCL  DC  Crnourra  BX-rma 

47a.  P  -_Ei  P  -  p  - 

.2 


pr^  -j:^  rt^  R3 

J.    12  2  10^  ^     12K  ^ 

Pp  -  75  X  10"2  Po  -  900  1  10°  Pp  -  XOO  X  10° 

^1  ^   12  x10:*  ^3    2  X  105 

\"  75inw  Pr^-  75  X  10-3  pj^^-  50  x  io-3 

Po  -  7511M  P-  »  50  nw 

"2 

Pp  ■  50inw 
"3   

P^  "  20O11W 


46 


Additional  Practice  Work 


Solve  for: 
^  

iRl  

\  

%  


Ir  - 


Fig.  #16a. 


SOKC 


SKA  SKA 


Turn  page  for  correct  answers 
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S^mmm  *  Paiiau.«u  DC  Cinouits  BX«t*<tt 


T 

20K 

^5 

-  5V 

It  - 

OfflA 

\ 

-  XOV 

V 

3  nia 

H 

"  IniA 

607 

JJuA 

3ma 

\ 

^  Inift 

60V 

\ 

^  2nia 

V 

U  ma 

s 

-  HV 

60V 

5V 

-  20V 


756 


50  745 
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SCNIC*  -  pANAUUCi.  DC  CiNCUIT*  8X- IIMI 


Additional  Practioo  './ork 
Fig.  ilAtk, 


R2  l2Ka 


Solve  for  the  power  dissipations  in  th«  above  circuitt 


Turn  page  for  correct  answers 
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SCNI««  -  PaKAUURU  DC  ClNCUITS  &K-tu»t 


■  96bw 

Pjj^  -  l6nw 
Pj^^  -  16m 
P„  -  l6imr 
Pj   -  320nM 


75? 

SknIK*  -  PANAkUKU  DC  ClNClJIT*  DX-I»MI 

Module  Self-Check 

1«     Draw  a  schematic  roprosontatlon  of  a  aerloa  parallol 
D.C.  circuit  using  tho  following  circuit  valuos. 

R3  -  i5Ka 

Kl^  -  lOKn 
«-  12Kn 
R^  «-  3Kn 

2«     Solvo  for  total  resistance  in  the  following  circuit; 


Rl 


748 


Scmc«  -  Pakauucu  DC  CinetDTS  BX-im*i 

Module  Self-Check 


3. 


K)4V-=- 


HZ 

m 

;r3 

6K 

;R4 
5K 


LR5 
>I5K 


;R6 
'6K 


I 

is 

IRIO 
>8K 


R7 
I8K 


SI 


Solve  for! 
—  — 

It  

\  

\ — 


V 


V 
V 


7. "J] 


/V/ 


S<fii««  -  PAiiAU.«it  DC  CmoiiJtv  BX-iiHt 


4. 


70V  ^ 


Solve  for: 


^5 


55 
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SCHIKI  -  PaHAUiKL  DC  ClNOUlYS  BJC-IMtl 

ANSWERS  TO  MODULE  SEXF-CHECK 


1. 


9Ka 

R2  R3 

4  'sanaii 


R4 


The  above  drawing  is  one  of  the  nany  schematic 
representations  for  a  serlea  parallel  circuit. 


2.  -  23.8Kn 


56 

751 


S«Ni«i-PAiiAUL«u  DC  Cmfiuira  BX-iM«t 


Id  **  6ma 

Ifl^-  2.67ma 
Irj"  2.67raa 
2,67na 
Er^-  26.7V 


Ep  ■« 


*  2.67ma 
2,67ma 
40V 
16V 
2.67ma 

2flia 

.6700 


So" 

\  ' 


«67ma 

2.7V 

5.3V 


PR^  -  125inM 
Pfeg  ■  37#5nw 
PR3  "  37.5nw 
\  "  30nw 
Prj  -  45nw 
pRg  -  75nw 
PRT  "  350nw 
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ELECTRONIC  PRINCIPLES 
MODULE  0 

Thla  Ouldance  Package  la  dealgned  to  fuide  you  through  this  modulo  ot  the  Electronic 
Princlplea  Courae*  It  contains  specific  Information,  Inducting  referencea  to  other  resourcea 
you  may  study,  enabling  you  to  satisfy  the  learning  objectlveft. 

CONTENTS 
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Overview 

1 

Llat  ot  Beaourcea 

i 

Adjunct  Guide 

1 

Laborfttory  E^rclae, 

9-1 

R  , 

liaboratory.Exerclae, 

9-2 

10 

Module  SeU  Check 

11 

Anawera 

13 

OVERVIEW 

SERIES- PARALLEL  RESISTIVE  CIRCUITS 

1*  SCOPE:  The  simple  series  or  parallel 
circuit  can  not  perform  all  of  the  functions 
that  axe  required  la  todays  electronic  cir- 
cuits. It  Is  often  necessary  to  combine  series 
circuits  with  parallel  circuits  to  form  series- 
parallel  circuits.  The  series-parallel  circuit 
can  appear  to  be  very  complex.  However, 
by  the  application  of  the  same  rules  used 
for  series  and  parallel  circuits,  the  com- 
plex circuits  can  be  reduced  to  simple  equi- 
valent circuits.  I^  this  module,  you  will  solve 
for  resistance,  current,  and  power.  Practical 
escerclses  will  give  you  practice  in  measuring 
unknown  values  of  resistance,  current,  and 
voltage. 

2.  OJBECTIVES:  Upon  completion  of  this 
module  you  should  be  able  to  satisfy 
the  following  objectives: 

a*  Given  a  series-parallel  circuit 
schematic  diagram  and  formulas,  solve  for; 


(1)  total  resistance. 

(2)  total  current. 

(3)  Wal  power. 

(4)  individual  voltage  drops. 

b.  Using  a  multimeter  and  atralnerwitha 
loaded  voltage  divider,  determine  the  polarity 
and  measure  the  magnitude  of  a  voltage  with 
respect  to  tltf.  ground  reference  point  within 
J.  10  percent  accuracy, 

c.  Using  a  multimeter  and  atralnerwitha 
three- component  series- parallel  resistive 
circuit.  mea5we  wlthlnj;  10  percent  accuracy, 
the  total  resistance  and  Individual  voltage 
drops. 

AT  THIS  POINT,  YOU  MAY  TAKE  THE 
MODULE  SELF-CHECK. 

LIST  OF  RESOURCES 

To  satisfy  the  objectives  of  this  modii'.c, 
you  may  choose,  according  to  your  training, 
experience,  and  preferences,  any  or  all  of 
the  following: 


Supersedes  KEP-GP-d,  1  September  U75.  ^ 

75i 


READING  MATERIALS; 
Digest 

Adiunct  Ouldt  with  Student  Text 

LABORATORY  EXERCISE; 

ReelatWa  Circuits  9-1 
Voltage  Divider 

SELECT  ONE  OF  THE  RESOURCES  AND 
BEGIN  YOUR  STUDY  OR  TAKE  THE 
MODULE  SELF-CHECK. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU 
REQUIRE  ASSISTANCE. 


ADJUNCT  GUIDE 

INSTRUCTIONS: 

Stxidy  the  referenced  materials  as  directed. 

Return  to  tbis  guide  and  answer  the 
questions. 

Conllrm  your  answers  against  the  answers 
at  the  back  ot  tbls  guidance  package. 

U  you  experience  any  dt££lculty,  contact 
your  instructor. 

Begin  the  program. 


A.  Turn  to  Student  Text  Volume  I  and  read 
paragraphs  5*116  thru  5-121.  Return  to  this 
page  and  answer  the  following  questions. 

1.  A  definition  of  a  series-parallel  circuit 
Is  a  group  of; 

  a.   Resistors  connected  In  series 

with  other  resistors. 

—  -  b.  Series  resistors  connected  In 
series  with  other  resistors. 

 -    c.   parallel  resistors  connected  In 

series  with  other  resistors. 

^^^^^  d.  Resistors  connected  In  parallel 
with  other  resistors. 


2.  When  redrawing  serles^paraUel  circuits; 

■  a.  Parallel  combinations  of  resistors 
cannot  bs  represented  by  a  single  resistance* 

— —  b.  Series  combinations  of  resistors 
cannot  be  represented  by  a  single  resistance. 

c.  Always  redraw  them  to  only  one 
parallel  combination* 

■  d.  You  are  simplifying  the  circuit* 


3.  V/hy  can't  the  branch  currents  be  estab** 
Ushed  using  the  full  applied  voltage? 

— -—  a.  A  portion  of  the  voltage  Is  dropped 
across  the  series  resistors. 

— —  b.   The  branch  currents  are  unequal* 

--  -  —  c.  IhB  voltage  drops  across  the 
parallel  resistors  are  un«q[ual. 


4.  Wben  total  resistance  Increases  In  a 
series-parallel  circuit  and  the  voltage  Is  held 
constant,  the  current; 

  a.  Increases. 

  b.  decreases. 

  c,  doubles. 

  d.  remains  the  same. 

5.  If  a  parallel  combination  consists  of  two 
SOohm  resistors  and  the  voltage  drop  across 
them  is  20  volts,  the  total  power  dissipated 
by  tbis  combination  is: 

 a.  9  watts. 

■    -  -  b.  16  watts. 

-    —  c.  20  watts. 

—  ■  d.  50  watts. 


1 
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e.  If  a  puur&ltel  oombinatlon  oonfllita  of  two 
unequal  value  realstors* 

a*   Thay  wllldlifllpattaqujauDOunts 

I  b«  Tha  UrgMt  reilator  will  dliil-^ 
pata  the  largast  ansount  of  powar. 

'  c*  The  BmallaBt  raalvtorwllldlMl-^ 
pata  the/  largast  amount  of  powar* 

d*   Tha  total  power  dissipated  by 
the  combination  will  be  tha  dttfarance  of 
two« 

7.   Tha  total  resistance  In  the  figure  below 


Is 

3  k  ohms* 

0  k  ohms« 

p^.  c. 

6  k  Ohma* 

^  «  d< 

33  k  ohms« 

6«  All  of  the  resistors  within  the  dotted 
Une  could  be  replaced  by  a  resistor  of: 

■  A-  lOOkohms* 

-      b«  25  k  ohms« 

c*   20  k  ohms. 


d.   150  k  ohms. 


RBP4'$72 


0*  In  a  circuity  a  SO-ohm  resistor  is  con* 
nected  in  series  with  two  parallel  resistors 
which  are  60  and  40  ohms.  What  is  the 
total  resistance  of  ths  circuit? 

a,  50  ohms. 

 ,  b.  60  ohms* 

 c.  74  6hms4  J 

 d«  64  ohms* 

10.   The  total  current  is: 
  a.    ,25  mA. 

—  b.   .5  mAi 

<  c,   1.5  mA. 

■  d.   2  mA« 


11«  What  Is  the  voltage  drop  across  Rl  when 
SI  Is  closed? 


a.  7«5  volts 

b.  15  volts 
c*  50  volts 
d.  75  volts 


111 

«  «  * 

nP4-B75 


12.  TtM  valut  of  Rl  li; 
,  a.  00  k  ohmi. 

.  e.  10  k  ohmi. 
— < —  d.  6  k  ohmg. 


R3  lOkfl 


13.  The  total  power  dissipated  In  the 
circuit  In  question  11  with  SI  closed  is: 


a.  229  mW. 

b.  2.2S  W. 

c.  22.9  W. 

d.  225  W. 


14.  The  total  power  dissipated  In  the  clr-^ 
cult  in  question  12  is: 


a.  .3  W 

b.  .6  W. 

c.  .8  W. 

d.  .12  W. 


CONFIRM  YOUR  ANSWERS 


B.  Turn  to  Student  Text  Volume  I  and  read 
paragraphs  6-1  thru  6-11.  Return  to  this 
page  and  answer  the  following  questions. 

1.  The  ground  symbol  tised  In  a  voltage 
divider  denotes  a: 


a.  voltage  iource.  . 

b<  Current  source. 

Ct  Reference  point: 

d.  Conducting  chassle. 


2.  *Arhat  is  the  voltage  from  point  D  to 
ground? 


a.  flO  V. 

b.  4.19  V. 

c.  fSO  V. 

d.  -35  V. 


-O  A 


RI  ?  25fl 


■O  B 


R3>  15fl 


IT*  75  V 


T  1 


-O  c 


R<  5  35fl 


-O  E 


3.  Using  the  circuit  In  question '2,  moving 
the  ground  from  point  "C"  to  point  "D" 
will  cause  the  voltage  at  point  "B"  to  change 
from  -IS  volts  to 


a.  f  10  volts. 

b.  4-19  volts 

c.  -10  volts. 

d.  *35  volts. 


3 

I 


757 


4»  Wtilch  itatement  In  true? 

—  a*   Point  D  la  poaltlve  In  roipect 


to  6. 


to 


b.   Point  C  Is  poeltlve  In  reipect 


c.   Point  A  and  ground  are  electrl* 


cally  the  dame* 


d.   Points  B  2nd  D  are  electrically 


the  same. 


i 


KSP4-379 


5.     If  I  Is  2  niA,  Is: 

  a,   20  V. 

 b.   70  V. 

  c.   40  V. 

 d.   60  V. 


1  

Ska  ' 

i 

 ^v) — ^ 

8.  U  the  voltage  from  "D"  to  "C"  l8 
•25  volts,  what  Is  the  voltajce  at  point  B 
with  reinject  to  ground? 


a.  200  volte. 

b.  100  volte. 


-  c.  7S  volts. 
«  d.   50  volts. 

-OA 


Ska 


■OS 


-OC 


■OD 


P£P4-330 

7.  Wlaat  is  the  voltage  at  "E"  In  respect 
to  "CV" 


a.  +120  V. 

b,  -  -120  V. 


c.  +70  V. 

d.  -70  V. 
 OA 


'3SkQ 


-OB 


200V  — 


;3SkQ 


■OC 


'askQ 


2SkB 


askQ 


■oe 


■askQ 
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CONFIRM  YOUR  ANSWERS 


C.  Turn  to  Student  Taxt  Volume  I  and  r«ad 
paragrafAis  6*12  thru  d->26«  Return  to  this 
pkg«  and  answer  the  tollowlTW  qyestione. 

1*  A  rheostat  Is  a  variable  resistor  which 
may  be  used  to  vary; 


a.  Voltage. 

b.  Current. 


2.  A  rheostat  has 
terminals. 


uctlve 


a.  Twj. 

b.  Three. 

c.  One« 

d.  Four. 


3.  'Vhich  tiffure  identifies  a  potentiometer 
being  used  as  a  rheostat? 


J). 


4.  The  volume  control  on  your  radio  is  an 
ex^i>le  of: 


a.  A  tapered  rheostat. 

b.  A  juoear  potentiometer. 

c.  A  lifie;^'  rlieostat. 

d.  A  tapered  iioteniuirucrccr. 


S«  The  potentiometer  has 
terminals* 


a.  Three « 

b*  Two* 

c.  Four* 

d.  One. 


active 


7^ 


tt«  What  Is  the  minimum  voltage  obtain'* 
able  at  point  a  with  respect  to  ground? 


a.  112  volts. 

b.  120  volts. 

c.  67.2  volts. 

d.  B2.d  volts- 


iko: 


lOko: 


7.  What  are  the  minimum  ma^cimum 
voltage  at  £out? 


a.  24  to  30  V. 

b.  20  to  24  V. 

c.  -24  to -30  V. 

d.  *20to-24V. 
SkO  SOOQ 


t 


hQE 


OUT 


"60V 


CONFIRM  YOUR  ANSW£ 


7 


s 
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D*  Turn  to  Stud«nt  Text  Volume  land  read 
parftgrai^  6^27  thru  6*42*  Raturn  to  thle 
page  and  answer  the  following  quaatlontf* 

1.  What  Is  meant  by  a  loaded  voltage 
divider? 

-  a»  A  tapped  resistor  is  used  in 
series  to  form  a  divider* 

^ — -  b.  A  load  device  is  placed  in  series 
with  a  tapped  resistor. 

-  c.  An  electronic  component  or  clr* 
cult  which  draws  current  from  the  source 
10  placed  across  the  divider* 

I —  —  d«  An  electronic  component  or  clr* 
cult  which  does  not  draw  current  is  placed 
across  the  divider. 

2*   A  loaded  voltage  divider  hac: 

—  a.  Two  or  more  paths  for  current 
flow» 

 b.  only  one  path  fbr  current  flow. 

  c.  One  or  more  paths  for  current 

flow* 

3»  The  term  LOAD  means: 

a.  Voltage. 

b.  Current. 

-  ^      c.  Resistance. 

  d.  Conductance. 

4.  When  a  load  device  Is  placed  across 
a  voltage  divider  the  total  resistance; 

 »  a.  Increases  and  load  increases. 

b.  De^n^eases  and  load  decreases. 

c.  Remains  unchanged  and  load  in- 
creases. 

 d.  Decreases  and  load  increases. 


8*  When  the  switch  is  closed,  the; 

  a.  Voltage  between  point  A  and 

ground  increases. 

—  b*  current  through  Rl  decreases 

■    —   c.  Current  through  R2  and  R3  In-- 
creases* 

-  d.  Voltage  betweenpolntAandground 
decreases* 


6.  The  total  resistance  is: 
m  a*   19  k  ohms. 

 —  b.   9  k  ohms. 

  c.   20  k  ohms. 

 ■  d.   28  k  ohms. 
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7*  WhatUtheohmiQvalu«otR3? 

■    ■  a.  2  k  ohin< 
,  -   <  b*   2.67  k  obmfl 

*          c*   5  k  ohms 

—  ■    d*  20  k  ohmo 


8,   In  the  figure  1^  equals; 

 a*   *3  m\. 

 b*   2.7  mA. 

 c.   3  mA. 

d.   5  mA. 


9.  When  the  switch  Is  closed^  the  volt? 
meter  reading  will: 


a.  Increase. 

b.  Decrease. 

-c.   Remain  tbd  same. 


10.  The  voltage  at  point  C  with  respect 
to  ground  is: 


11-  What  is  the  voltage  at  point  B  with 
respect  to  ground? 


a.  25  volts. 

b.  5C  volts. 

c.  75  volts. 

d.  100  volts. 


RS 


7  • 
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12*  To  obtain  boih  po»ltlv6  und  nc^gatlve 
voltage  from  a  voitotfti'divlder  netwrk,  we 
can  placo  ground  at: 

I  1L.    Both  oadB  ot  ttio  aet\vOfic* 

b.    Some  |)Ouit  uloi4  UiO  r^oiwvic* 

—       The  pgaitivto  tjud  oi  tlw  n«t\*ofk» 

 d.    The  negative  ciid  0(  the  network, 

13.    Pt  In  (lueatlon  11  iu« 

  a.  ,5W. 

  b-    5  w, 

  c.  10 

 ,  d,    15  W. 

CONFinM  YOUR  ANS'^rtiRS 

E,  Turn  to  Laboratory  fixertise  9-1,  This 
exercise  lielp  you  g;jia  experi^iice  wth 
compoaetits  ana  civciut^. 


CAUTION!  OBSEWVE  BOTH  PER- 
SOl'lNljL  AND  EQUIPMENT  ilAFETY 
fiULES  AT  ALL  TIMES,  REMOVE 
WAtCHPES  AND  RINGS. 

inlOCEDURES: 

A.  Sories  Circuit-  ResltttanceMeasuremetit 

1*  Using  nortk-up  wirea,  connoct  R5,  HI  2, 
ut^  B13  in  fierlGd. 


Si*  Check  your  circuit,  it  shouicl  look 
like  the  drawing  below. 


LABOBATOIIY  EXEaClSE  9-1 
RESISTIVE  CmCmTS 
OBJECTIVES: 

It  Uslri;;  u  itiuUimeter  :xtid  a  tr;utwr  with 
a  three*  component  series^*  parallel  redistlve 
circuit,  raeasurc,  within ^lO  percent  accuracy, 
the  total  resistance  and  inaiv^aual  voltag^e 
drops. 

EQUIPMENT: 

1.  DC  Resistor  Trainer,  ^V6l 

2.  aN/PSM-6 

3.  DC  Power  Suy^iy,  4^i■l^^ 

BEFKBENCES: 

StuuejH  "iv,xi,  Volui*iL-  I,  ,iu*  ^j;ra4iitbs  4-3 
thru  4-22.  j-o,  :;-70  tUi-M  ->"r6^  S-115 
thru  5-121. 


This  is  the  schematic  diagram  of  this  circuit. 
RS 


R12 


R13 

^    B  —AAA/  


3.  Use  the  obmmetor  (PSM-6)  and  measure 
the  total  resistance  of  the  circuit.  Becord 
the  res^ults. 


4.  Disconnect  all  hook*up  wires. 
CONirTRM  YOUB  ANSWER 


762 


B.  ParaUal  Circuit  -  ResliUnca  M<uiur«ni«nt 

I 

1.  Ualng  hook-up  wlraSp  oonnact  R4t  ttll» 
and  R17  In  parallal. 

To  conqtnict  ttds  circuit,  It  wlU  ba  ndcaii-> 
Bary  to  hava  mora  than  ond  wlra  on  soma 
of  tha  billing  posts. 

2.  chack  your  circuit.  The  coi^pl^tadclr* 
cult  iifhould  look  Ilka  this  drawing. 


C<  Sarlas-Parallal  Circuit  -  Raslstance 
Ma&sui*an)ant. 

\,  Using  hook-up  wlras^  coniwct  R12  and 
RlSlnparaUaL 

3I»  Connect  It2  in  series  with  the  parallel 
'  coniblnatlon. 

3.  Check  your  circuit*  The  completed  cir- 
cuit should  look  Uke  this  drawing. 


RU 


DDI 


RI7 


A  O- 


R2 


I 


RT2 


R13 


This  Is  tb«  schematic  diagram  of  this 
circuit. 


This  Is  the  schematic  of  this  circuit. 
R2 


A  — 



:     Rit  3 

:  Rt7; 

;RI2  \ 

B 

B  — 

R13 


3.  Use  the  ohmmeter  and  measure  the  total  4.  Use  the  ohmmeter  suid  measure  the  total 
resistance  of  tblsclrcuit.Becordtbe  results.        resistance  of  this  circuit.  Record  the  results. 


4*  Disconnect  all  hook-up  wires. 
CONFIRM  YOUR  ANSWER 


S.  Disconnect  all  boolc-up  wires. 
CONFIRM  YOUR  ANSWER 
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D.  Voltage  MeasuremontB 

I,  Connect  R2,  R6,  and  R12  In  a  bbtIw 
parallel  circuit  as  shown. 


B  o 


2.  Connect  the  positive  ternsinal  of  the 
point  A  and  the  negative  terminal  to  points. 

3.  Call  your  Instnictortocheckyourclrciiit. 
4«    Plug  In  and  turn  on  tbe  power  supply. 

5.  Adjust  the  power  supply  for  a  40  volt 
reading  on  the  power  supply  nseter. 

6.  Set  the  PSM-6  function  switch  to  DCV/ 
20  k/v  and  the  range  switch  to  SO  v. 

7.  Measure  and  record  the  Indivlchud  voltage 
drops: 


a.  Er2 
^R6 


VDC. 


*'R12  

CONFIRM  YOUR  ANSWERS 


•  VDC. 
-  V  DC. 


LABORATORY  EXERCISE  9-2 

LOABED  VOLTAGE  DIVIDER 

OBJECTIVE 

Using  a  Multimeter  and  a  trainer  with  a 
loaded  voltage  divider,  determine  the  polarity 


and  measure  the  magnitude  of  a  voltage 
and  respect  to  the  ground  reference  point 
within  i  10  percent  accuracy* 

EQUIPMENT: 

1.  DC  Resistor  Trainer,  6S31 

2.  DC  Power  Supply,  4849. 
3«  PSM^e 

REFERENCES; 

Student  Text,  volume  I,  paragraphs  8-1 
thru  8-11.  Review  paragraphs  4-24  thru 
4-30  if  necessary. 

CAUTIONf    OBSERVE     BOTH  PER- 
SONNEL  AND   EQUIPMENT  SAFETY 
RULES    AT     ALL     TIMES.  REMOVE 
WATCHES  AND  RINGS. 

PROCEDURES; 

.  1*  Connect  R3^  RIO  and  R17  in  series 
as  stijwn  In  the  pictorial  and  connect  the 
power  supply  to  the  points  "A**  and  "D** 
as  Indicated.  Observe  polarity. 

D 


nooKUP  HI  IK 


v= — fiir^ 


^LJ — 

j  HOOKUP  WIRE 

jFI — 


This  is  the  schensatlc. 


40  voc  ~ 


10 


7C4 


2.  Contuct  a  hook"up  wlr*  from  a  ground 
binding  poft  in  tiM  tralnar  to  point  ''A" 
of  tht  circuit. 

3.  Turn  on  the  power  supply  and  adluit  for 
a  rtading  ot  40  volts  on  the  powtr  supply 
metsr.  WARNING:  TUHN  THE  POWER 
SUPPLY  OFF  BEFORE  MAKING  ANY 
WIRING  CHANGES.  TURN  Tite  SUPPLY 
ON  AFTER  MAKING  THE  CHANGES. 

4.  Using  the  PSM-6,  msasure  the  Individual 
voltage  drops  In  reference  to  grounds  Record 
the  voltage  and  polarity  In  the  spaces 
provided. 


— oc    H  V 


SBVOC^ 


-0* 


CONFIRM  TOUR  ANSWERS 


5.  Leavt  tb«  bodk-up  from  point  ''A''  to 
ground. 

6.  Connect  a  resistor,  RU,  from  aground 
binding  post  and  point  "B''  using  hookup 
wire. 

7.  Using  the  multimeter,  measure  the  indi- 
vidual voltages  In  reference toground. Record 
the  voltage  and  polarity  In  the  apace  provided. 


40VDC 


CONFTRM  YOUR  ANSWERS 


9t  Move  the  hodcup  wire  from  ''A''  to 
point  "C."  Leave  RU  connected  from  ground 
to  point  ''B." 


Ot   Using  the  Multimeter,  measure  the  Indl-- 
vtdual  voltages  in  reference  to  groundt 
Record  the  voUage  and  polarlt;/  in  the 
space  provided^ 

nv 


^C" 
=A- 


lOt  a.  Why  was  the  voltage  at  point  ''B" 
in  step  7  less  than  the  voltage  at  point 
"B"  In  steo4? 

bt  Why  was  the  voltage  at  points  ''A'' 
and  ''B"  in  step  d  negative? 

C4  Total  resistance,  for  the  <;lrcult  In 
step  d  18  (more)(less)  than  the  circuit  In 
step  7. 

CONFIRM  YOUR  ANSWERS. 


MODULE  SELF-rHECK 

SERIES- PARALLEL  RESISTIVE  CmCUITS 
It  In  the  circuit  below 


a.  total  resistance  is 

b.  total  current  is  ^ 

c.  total  power  is  — 


Remember  E  ^  IR  and  P  e  IE* 


«ia  •  100? 

►  *12  J 

11 
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2»  In  the  circuit  ahown 


a,  total  i*«bl£itatice  1h 


b,  total  current  Is 


c,  total  pt*wer  ii 


Bemeniber  E  «  IB  and  P  «  ie» 


CONFmM     YOUR  ANSWERS 
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ANSWERS  TO  A  -   ADJUNCT  OUIDE 


1. 
2. 
3. 
4, 
5. 
6. 
7. 


C 

d 
ft 

b 
b 

c 


10, 

n. 

12. 
13, 
14; 


ft 

c 
b 
d 

b 
b 


U  you  missed  ANY  questions,  r«vl«w 
the  material  before  you  continue. 

ANSWERS  TO  B: 

1.  c  3.  b 

2.  ft  6.  b 

3.  d  7.  c 

4.  b 

U  you  missed  ANY  questions,  review 
the  material  before  you  continue. 

ANSWERS  TO  C: 

1.  b  5.  a 

2.  a  6.  c 

3.  c  7.  d 

4.  d 

U  you  missed  ANY  quefitions,  review 
the  material  before  you  continue. 


ANSWERS  TO  D: 


1. 
2. 
3. 
4. 

S. 
6. 


c 
a 
b 
d 
d 
c 


7. 

e. 

9. 
10. 
11. 
12. 
13. 


a 
d 
a 
b 
b 

b 
a 


U  you  missed  ANY  questions*  review 
the  material  before  you  continue. 


ANSWERS  TO  LAB  EXERCISE  9-1 

A  3.   Total  resistance  a  97  k  ohm  ^  10% 

If  you  missed  this  question,  ask  jrour 
Instructor  for  assistance. 


£t  3.   Total  resistance  1  3,33  k ohm ^10% 

It  you  mlsi'^d  the  question,  ask  your 
Instmtor  for  asoistnnce. 

C  4.   TotAA  rf"ilflttnice  «  20.7  kohm +10% 

If  you  missed  the  question,  ask  your 
Instructor  for  assistance. 


D  7a,    10  V  DC. 

7b.   30  V  DC. 

7C.    30  V  DC. 

If  you  missed  ANY  questions,  ask  your 
Instructor  for  assistance. 


ANSWERS  TO  LAB  EXERCISE  9-2 

ANSWERS  TO  PROCEDURE  #4: 

Eq  s  4^0V 

E^  »  +30v 

E|j  ^  +.  20  V 

Ea-OV 

If  you  missed  ANY  questions,  ask  your 
insknietor  for  asslntince. 

ANSWERS  TO  PROCEDURE  #7; 

Ed  »  t.  40  V 

Ec  "  *•  26  V 

Eg=  +  13  V 

Ea-OV 

If  you  missed  ANY  questions,  ask  your 
Instructor  for  assistance. 

ANSWERS  TO  PROCEDURE  #9: 

Ed  =  1. 11  V 


13 
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* 


Kj,  •  0  V 
K_  --7  V 
*-  20  V 

A 

U  you  mimed  ANY  cmestlonif  uk  your 
Instructor  (or  assistance. 

ANSWERS  TO  10 

a.  The  loaidlng  effect  of  RU  caused  total 
resistance  to  decrease.  Total  current 
Increased  causing  the  voltage  drop 
across  R3  and  RIO  to  Increase. 
This  leaves- less  voltage  to  be  dropped 
across  R17  and  RU. 

b.  The  ground  reference  point  was 
moved  to  polnt"C«''CuiAentflow through 
RIO  and  R17  Is  Ironi  tne  negative 
terminal  of  the  battery  toiivard  ground. 
Current  flow  toward  ground  causes  a 
negative  voltage  drop. 

c.  Less 


ANSWERS  TO  MOOUU  SELF*CHBCK: 


1. 

ft. 

3a.7  k  ohm 

b. 

U  ntA 

c. 

2.75  W 

2. 

ft. 

9  It  ohm 

b. 

35  mA 

c. 

3.US  W 

have  you  answered  all  of  the 
Questions    correctly?    if  not. 

REVIEW    tHE     MATERIAL   OR  STUDT 
ANarHER   RESOURCE    UNTIL   YOU  CAN 
ANSWER   ALL   QUESTIONS  CORRECTLY. 
IF       YOU      HAVE,      CONSULT  YOUR 
INSTRUCTOR    FOR    FURTHER  GUIDANCE. 
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TROUBLESHOOTING  DC  RESISTIVE  CIRCUITS 
MODULE  10 

This  Guidance  Package  is  designed  to  guide  you  through  this  module  of  the  Electronic 
Principles  Course,  It  contains  specific  information,  including  references  toother  resources 
you  may  study^  enabling  you  to  satisfy  the  learning  objectives. 

CONTENTS 


TITLE 
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Overview 

i 

List  ot  Resources 

i 

Adjunct  Guide 

1 

i  iboratory  Exercise, 

10-1 

8 

Lahor^tcry  Exercise, 

10-2 

10 

l^aboratory  Exercise, 

10-3 

13 

Laboratory  Exercise, 

10-4 

15 

Module  Self-Checlc 

16 

OVERVIEW 

1.  SCOPE:  This  module  discusses  the  pro- 
cedure  for  locating  causes  of  circuit  mal- 
functions. It  also  provides  the  necessary 
practical  training  on  series,  parallel,  and 
series- parallel  circuits  using  schematic  dia- 
granis,  formulas,  and  a  multimeter. 

2,  OBJECTIVES:  Upon  completion  of  this 
module  you  should  be  able  to  satisfy  the  fol- 
lowing objective: 

a.  Using  a  multimeter,  formulas,  sche- 
matic diagrani,  and  a  trainer  having  an  open 
or  shorted  component  in  a  series-parallel 
resistive  circuit,  locate  the  faulty  component, 

LIST  OF  RESOURCES 

To  satisfy  the  objectives  of  this  module, 
you  may  choose,  according  to  your  training, 
experience,  and  preferences,  any  or  all  of 
the  following: 


READING  MATERIALS; 
Digest 

Adjunct  Guide  with  Student  Text 

LABORATORY  EXERCISE; 

Troubleshooting  DCResistive  Circuits  10-1 
Troubleshooting  DCResistive  Circuits  10-2 
Troubleshooting  DC  Resistive  Circuits  10-3 
Troubleshooting  DC  Resistive  Circuits  10-4 

AUDIO- VISUALS: 

Television  Lesson  30-lOlN  Series  Resistive 
Circuits  t/S 

Television  Lesson  30-lOlT  Series  Parallel 
Circuits  t/s  

At  this  point,  if  you  feel  that  through 
previous  experience  or  training  you  are 
familiar  with  this  subject,  you  may  take  the 
Module  Self'Checlc*  If  not,  select  one  of  the 
resources  and  begin  study. 

CONSULT  YOUR  INSTRUCTOR  IF  YOU 
REQUIRE  ASSISTANCE, 


Supersedes  KEP-GP-10,  15Julyl975*  Previous  editions  are  obsolete. 


ADJUNCT  GUIDE 
INSTRUCTIONS: 
Study  the  relerentedmaterlalB  as  directed* 

Return  to  this  guide  and  answer  the 
questions* 

Coriflrtp  your  answers  In  the  back  ol  this 
guidance  package. 

U  you  experience  any  dllllculty,  contact 
your  Instructor. 

gin  the  program. 

A.  Turn  to  Student  Text  volume  I  and  read 
paragraphs  7*1  thru  7*30.  Return  to  this 
page  and  answer  the  lollowlng  qjuestions. 

I*  A  circuit  In  which  no  current  flows  Is 
referred  to  as; 

.  ,  a.  A  short  circuit. 

 b.  A  long  circuit. 

-         c.  An  open  circuit. 

d,  A  closed  circuit. 

2.  When  too  much  current  flows  In  a  circuit, 
It  contains: 

-  .  a.  A  short. 

  b.  Too  much  resistance. 

  c.  An  open. 

  d.  Discontinuity. 

3,  Which  one  of  the  following  Is  NOT  an 
example  ol  an  open? 

 a.  Blorvn  fuse. 

 b.  Bare  wires  touching. 

  c*  Burned  out  resistor. 

I  d.  Burned  out  Lamp. 


4.  When  you  connect  a  voltmeter  across 
a  good  resistor  In  an  open  circuit,  the 
reading  will  be: 

  a«  Infinite. 

,  b.  A  portion  of  the  applied  voltage* 

»-         c*  Zero* 

.  I  d.  The  battery  voltage. 

5.  When  you  connect  an  ohmmeter  across 
an  open  component,  the  reading  will  be: 

i-— a.  A  large  or  small  resistance. 

  b*  Continuity. 

c.  Some  reading. 
  d.  Infinite  resistance » 

6.  When  the  current  exceeds  the  rated  values 
for  the  components  In  circuit,  what  device 
Is  designed  to  open  the  circuit  Intentionally? 

  —  a.  Switch. 

  b.  Fuse. 

 ^  c.  Resistor, 

-        d.  Lamp, 

7.  In  a  circuit  containing  a  shorted  resistor, 
current  will  continue  to  flow  If  the  power 
dissipated  by  each  resistor  Is; 

  a.  Lower  than  Its  power  rating, 

  b.  Less  than  totaldissipated  power. 

  c.  Higher  than  Its  power  rating. 

  d.  More  thantotaldlsslpatedpower. 

8.  U  a  circuit  Is  fused  at  2  amps,  what  Is 
the  maximum  voltage  that  could  be  applied 
If  circuit  resistance  Is  100  ohms? 

  a.   50v   c.  200V 

  b.    100  V   d,  20v 
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0.   What  Is  wrong  with  this  circuit? 


U.  What  le  the  trouble  In  this  circuit? 


~  150  V 


a.  Ri  open, 

b.  Ri  shortea, 

c.  R2  shorted. 

d.  R3  shorted. 


Note;  Current  \^  3  mllllanipercs 
when  the  circuit  la  operating  nor* 
mally. 


I,.    «  6mA 


-A/W 


a.  Fuse  open, 

b.  RI  shorted. 

c.  R2  shorted. 

d.  R3  shorted. 


R3' 

4  k^: 


6  k  a! 


10.   The  trouble  In  this  circuit  is: 

NOTE:  Current  is  2  milliamperes 
when  the  circuit  is  operating  nor- 
mally. 


r 


~  Z4V 


1^    ■  Jnt\ 


R3 


  a.  Fuse  open. 

—  b.  Ri  shorted. 

—  c.  1^2  shorted. 
_  d.  r3  shorted. 


R1< 

4  kA^ 


6  k  A. 


12.  What  is  wrong  with  this  circuit? 


RI 


X 


R3 

6  k  A 


L  m  A 


R2. 


a.  R3  open. 

b.  R2  shorted. 
C.  R2  open. 

d.  Nothing  -*  circuit  is  good. 
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13.  U  ni  in  tills  circuit  were  shorted, 
 .  a.   1^  woulct  be  3  itiA* 


b.   The  voltage  from  C  to  E  Mvould 
be  105  volts. 


CONFIRM  YOUR  ANSWERS 


c,  R^  would  be  25  ohma. 


.«  d.      Mvould  be  2A. 


R1  <  25  A 


■o 


—isov 


R2<  IS  A 


R3<  10  A 


14.  U  point  "B''  shorts  to  ground,  what 
happens  to  the  voltage  /rom  C  to  E7 


Decreases, 
Ihc reaves. 
Remains  the  same, 
d/  Changes  polarity. 


-OB 


B*  Turn  to  Laboratory  Exercise  lO-l,  This 
exercise  will  Introduce  series  reslattve  clr* 
cult  troubleahoottng  procedures. 


C«  Turn  to  Student  Text  Volume  I  and  read 
paragraphs  7-31  thru  7*42.  Return  to  this 
page  and  answer  the  following  questions. 

1.  Whi^n  troubleshooting  a  parallel  circuit 
with  an  ammeter,  tho  open  branch  resistor 
can  be  located  by  a  reading  of: 


a.  Zero  current. 

b«  Infinite  resistance. 

c.  Zero  resistance, 

d.  Total  current. 


2.  In  a  parallel  circuit  that  contains  three 
branch  resistors,  if  one  resistor  suddenly 
bums  completely  open,  what  will  happen  to 
tlie  circuit? 


a.   The  fuse  will  blow. 

bi.   The  total  resistance  decreases. 

Ci   The  total  resistance  increases^ 


d.   The  current   through  the  other 


resistors  Increases. 


3.  When  a  short  occurs  in  a  parallel  clr* 
cult,  the: 
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a*  total  resistance  increases. 

b.  total  current  decreases. 

c.  total  current  increases. 

d.  individual  resistances  increase. 
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4.  How  would  a  ihort  across  R4  alfoct 
the  power  dissipated  by  R27 


R1  < 

•  R3 

4  1 

R2: 

REP4^1173 


a.  Increases. 

b.  Decreases. 

c.  Remains  the  same. 

d.  Cannot  be  determined. 


5.  If  R4  should  "short"  the  voltage  across 
Rl  wiU: 


6,  The  voltmeter  gives  an  indication  of  what 
probable  trouble? 

NOTE;  Normal  Indication  of  the  volt- 
meter id  12  volts. 
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  a,    R3  shorted. 

 .  b.   R5  shorted. 

■  c.   R4  open. 
-  .  d.    R3  open. 

7,   What  is  the  trouble  in  the  circuit  below; 

NOTE;  Current  is  22  amperes  when 
the  circuit  is  operating  normally. 
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a.  Be  applied  voltage. 

b.  Increase. 

c.  Be  zero. 

d.  Not  change. 


a.  Rl  is  shorted. 

b.  R3  is  shorted. 

c.  Rl  IS  open. 

d.  R2  is  open. 


REP4-1I77 
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8.  Which  of  the  following  conditions  would 
be  true  If  R5  opena? 

Increases 

 A2  no  chang;e 

Increases 

A^  decreases 

 A2  docreasos 

A^  decreases 

A^  Increases 

 c.    Ag  decreases 

A 4  Increases 


A^  decreases 
>d.    A2  no  change 
A-  decreases 


CONFIRM  YOUR  ANS^^RS 


D.    Turn  to  Laboratory  Exercise  10-2.  This 
exercise  will  introduce  parallel  resistance 
circuit  troubleshooting  procedures. 


£.    Turn  to  Student  Text  Volume  1  and  read 
paragraphs  7-43  thru  7-62,  Return  to  this 
page  and  answer  the  following  (questions. 


1.  If  an  open  occurs  In  the  series  portion 
of  a  series-parallel  circuit,  the  current  wUh 

I-         a.  Increase. 

■  b.  Remain  the  aame 

c.  Cease  to  flow. 

  d.  Blow  the  fuse. 

2.  TVhen  a  shorted  component  Is  conlalned 
In  the  series  portion  of  a  series- parallel 
clrcultf  the  total  current  will: 

^.^^^  a.  Stop. 
^  b.  Increase. 
^^^^  c.  Decrease, 
  d.  Remain  the  same. 

3.  When  an  open  occurs  In  the  parailelpor- 
tlon  of  a  series* parallel  circuit,  the  voltage 
drop  across  the  series  resistor  will: 

  a.  Increase. 

^^^^  b.  Decrease. 

^^^^  c.   Remain  the  same. 
^^^^       E<iual  the  applied  voltage 

4.  When  a  short  occurs  In  the  parallel  per'* 
tlon  of  a  series-parallel  circuit,  the  total 
resistance  of  the  circuit  will: 


^^^^  c.  Increase. 
>  d.   Be  zero. 

5.  If  a  voltmeter  Is  connected  across  agood 
series  resistor  In  a  series-parallel  circuit, 
the  meter  will  read: 

I  a.    The  applied  voltage. 

,  b.   A  portion  of  the  applied  voltage. 

^^^^^  c.  Zero. 


,  a.  Decrease. 

REP4^1174 


b.   Remain  the  same. 
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6*  If  R3  were  shortod,  the  voltage  at  point 
A  with  respect  to  ground  will*. 


REP4'11?3 


Increase* 
Decrease* 
c*    Remain  the  same* 


7*  If  R2  opens,  which  of  the  following 
statements  Is  true? 
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a*  R^  decreases* 
b.  Increases* 
c*  decreases* 

d.  1^  decreases* 


8.   What  could  cause  DSl  to  become  dimmer 

while  DS2  becomes  brighter? 

NOTE;  Remember  more  current  causes 
a  lamp  to  be  brighter  and  less  current 
to  become  dimmer* 


a*   RI  short* 

b*  R2  open* 
c.    R3  open* 


^  —  d*    R4  short. 

9*  What  would  cause  both  bulbs  to  become 
brighter? 


a*  RI  short, 

b.  R2  short* 

c*  R3  short, 

d.  R4  open* 
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10.    If  R5  Opens,  the  current  through: 

  a*  RI  increases. 

 .  b*  r2  decreases* 

-  c*  R4  increases. 
 .  d*  R4  remains  the  same* 


776 


1 — vw- 

Rl 


R3 


R4' 


R5' 


11*  In  the  circuit  below  it  R4  opens,  the 
current  through; 

,  .  a.  Rl  increases. 

 .  b*  Rl  decreases* 

,   c.  R2  decreases. 

,  d,  R2  remains  the  same. 


12,  In  the  figure  below,  if  Rl  sfaorls,  the 
ammeter  will  read; 


>15Vo 

I  A  J  1SVC< 

J— 


a.  20  micro  ampa. 

b.  10  mA. 

c.  20  mA. 

d.  30  mA. 


13.  In  the  circuit  b«low»  the  ammeter  reads 
5  mA.  The  trouble  is: 


a.   R2  open, 
b*   R5  shorted, 
c.   R5  open. 


d.  Rl  shorl. 
Rt 


14.  Refer  to  the  figure  below*IfR2becomes 
open,  the  total  power  will: 


a.  Increase. 

b*  Decrease. 

c.   Remain  the  same. 


Rt. 
Rsi 
R3. 


;r4 

"tOkfi 


'R2 


:r6 


R7- 


ttSP4-llS6 
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15.  Which  of  the  following  will  cause  the 
voltage  across  T<2  to  decrease  but  not  go  to 

zero? 

a.    R5  short. 
 b,    R4  open. 


shorted  component  in  a  derled- parallel  re- 
sistive circuit,  locate  the  faulty  component. 

LEARNING  STEP; 

1.  Determine  what  effect  a  short  has  on 
a  series  circuit. 


c.  R2  short. 

d.  Rl  open. 
 T  


REP4*11B7 

CONFIRM  YOUR  ANSWERS 


2.  Determine  what  effect  an  open  has  on 
a  series  circuit. 

EQUIPMENT: 

1.  DC  Resistor  Trainer  5531 

2.  DC  Pawer  Supply  4649 

3.  MulUmeter  PSM-6 

REFERENCES: 

Student  Text,  Volume  I,  paragraphs  7-1 
thru  7-30. 

CAUTION:     OBSERVE     BOTH  PER- 
SONNEL   AND   EQUIPMENT  SAFETY 
RULES     AT     ALL    TIMES*  REMOVE 
WATCHES  AND  RINGS. 


PROCEDURES: 


F.  Turn  to  Laboratory  Exercise  10-3.  This 
exercise  wi.l  introduce  you  to  series-parallel 
circuit  troubleshooting  procedures. 


G,  Now  do  laboratory  exercise  10-4.  This 
exercise  wlU  prepare  you  for  the  Progress 
Check  on  troubleshooting  series-parallel 
resistive  circuits. 


AFTER  COMPLETING  THE  LABORATORY 
EXERCISES  AND  PROGRESS  CHECK,  YOU 
MAY  STUDY  ANOTHER  RESOURCE  OR 
TAKE      THE      MODULE  SELF-CHECK. 


LABORATORY  E3CERCISE  10-1 

OBJECTIVE: 

Using  a  multimeter,  formulas,  schematic 
diagram,  and  a  trainer  having  an  open  or 


A.    Circuit  Analysis. 

1*    Connect  switch  2  (in  the  opened 
position),  lajnp  1-2,  R22,  R23  and  R24  in 
a  series  circuit  as  shown  in  the  pictorial 
diagram  and  adjust  the  power  supply  for 
40  volts. 


778 


116 


The  following  la  the  schematic  diagram 
of  thtt  circuit  above. 


40V 


I  8 — ^tsN  


2,  In  learning  to  troubleshoot  DC 
series  resisth'e  circuits.  It  is  important 
to  know  what  indications  a  circuit  projects 
when  everytlu'^fl  is  in  proper  working  order. 

a.   Close  switch  S-2. 


b.    Measure  and  record : 


'R23 


*^R24 

12  ;ianip) 


VDC 
VDC 
VDC 
VDC 


CONFIRM  YOUR  ANSWERS 


3.  You  will  now  simulate  a  resistor 
shorted. 

a.  Place  a  hook-up  wire  across  R24, 

NOTE:  Remember  that  current  takes  the 
path  of  least  resistance  and  will  now  short 
around  the  resistor  Instead  of  traveling  thru 
It.  Also  note  the  Increased  brightness  of  the 
lamp  12.  This  indicates  an  increase  In 
Current  due  to  the  reduction  of  the  overall 
resistance  by  the  simulated  removal  of  R24 
from  the  Circuit, 

b.  Measure  and  record: 


R23 

^n24 
1-2  ^ 


VDC 
VDC 
VDC 


SUMMARY:  It  can  now  be  seen  that  a  short 
produces  an  increase  in  current  by  reducing 
the  overall  resistance.  Voltage  will  be  re* 
distributed  across  the  remaining  resistors  in 
accordance  with  Klrchhoff  s  Voltage  Law. 

4.   Now  simulate  a  resistor  burned  open» 

(Remember  that  an  open  means  that  con- 
tinuity has  been  lost  and  current  does  not 
have  a  complete  path). 

a.  Open  switch  S-2  to  simulate  a 
resistor  that  has  burned  open.  LEAVE 
S*2  IN  THE  OPEN  POSITION* 

b*   Measure  and  record: 

=R22  ™C 

=R23   ™C 

^R24  VDC 

(4)    1-2  VDC 

Place  the  voltmeter  across  the  switch, 
(The  simulated  burned  out  resistor*) 


sw 


VDC 


CONFIRM  YOUR  ANSWERS 


'ri22 


VDC 


SUMMARY:  An  open  circuit  Is  a  circuit 
that  has  lost  continuity  and  current  flow 
will  be  zero.  When  checking  with  a  volt- 
meter all  the  good  resistors  will  Indicate 
zero  volts,  but  when  the  voltmeter  is  placed 
across  the  opened  resistor  it  will  read  the 
applied  voltage. 
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3,  Thus  tar  you  have  seeu  what  effect  a 
shorted  resistor  and  an  open  roslstor  have 
on  current,  when  checking  the  circuit  witli 
a  Voltmeter^  Now  use  anohmmeter toobserve 
the  Indicatlorui  that  a  ghortecl  or  open 
resistor  will  produce. 

CAUTION:  When  using  the  ohmmeter 
POWER  MUST  BE  REMOVED  from 
the  circuits 

a.  Turn  the  power  supply  OFF. 

b.  Disconnect  the  power  supply  from  the 
circuit  by  removing  the  circuit  hookup  wires 
connected  to  the  red  and  black  terminals  on 
the  power  supply. 

c.  Again  use  switch  S2  as  a  simulated 
resistor*  In  tUe  open  position  the  switch 
simulates  a  burned  out  re^lFtor  and  in  the 
closed  positionitsimulatesashorted  resistor, 
(switch  S2  Should  be  in  the  open  position). 
Place  the  ohmmeter  across  the  switch. 

NOTE:  When  checking  an  open  circuit  the 
ohmmeter  should  be  on  the  highest  range. 

-  ohms 

CONFIRM  ^V;UR  ANSWER 


d.  Close  switch  S2  (Simulating  a  shorted 
resistor).  NOTE:  When  checldng  for  a 
shorted  component,  the  ohmmeter  should  be  on 
the  lowest  range. 

^^^^  ohms. 

CONFIRM  YOUR  ANSWER 


SUMMARY;  A  voltmeter  has  definite  indi- 
cations when  placed  across  an  open  or 
shorted  component  in  a  series  circuit.  When 
placed  across  an  open  component  the  volt- 
meter will  Indicate  the  applied  voltage.When 
placed  across  a  shorted  component  the 
voltmeter  Will  indicate  zero  volts.  The  ohm- 
meter, like  the  voltn.eter,  also  has  definite 


indications  when  placed  across  open  or 
shorted  component*  When  placed  across  an 
open  component  the  ohmmeter  will  indicate 
infinite  ohms  and  when  placed  across  a 
shorted  component  it  will  indicate  zero  ohms* 

Remove  all  hookup  wires, 


LABORATORY  EXERCISE  10-2 

OBJECTIVE: 

Using  a  multimeter,  formulas,  s^^hematlc 
diagram,  and  a  trainer  having  an  open  or 
shorted  component  in  a  series- par E^ile I  re- 
sistive circuit,  locate  its  faulty  component. 

LEARNING  STEP; 

I»  Determine  what  effect  a  short  lias  on  a 
parallel  circuit. 

2.  Determine  what  effect  an  open  has  ona 
parallel  circuit. 

EQUIPMENT: 

1.  DC  Resistive  Trainer  5531 

2.  DC  Power  Supply  4649 

3.  Multimeter  PSM-6 

REFERENCES; 

Student  Text,  Volume  I,  paragraphs  7^31 
thru  7-42. 

CAUTION;     OBSERVE     BOTH  PER- 
SONNEL   AND    EQUIPMENT  SAFETY 
RULES    AT    ALL    TIMES.  REMOVE 
WATCHES  AND  RINGS. 

PROCEDURE; 

A*    Circuit  Analysis 

I.  It  would  be  difficult  to  simulate  a 
short  In  a  parallel  circuit  with  the  power 
applied.  The  schematic  diagram  shows  that 
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with  a  shorted  component  (S2  Is  a  slmuUted 
resistor)  lit  a  one  resistor  branchy  you  would 
pUce  the  short  directly  across  the  battery 
causing  the  fuse  to  blow  and  or  circuit 
breaker  to  trip  because  ot  the  short 
(Remember  current  always  takes  the  path 
ot  least  resistance.)  Consequently  for  this 
portion  ot  the  laboratory  exercise  use  the 
ohtnmeter  to  perform  the  tests, 

DO  NOT  CONNECT  THE  POWER  SUPPLY 
TO  THE  CIRCUIT, 

2,  Connect  RS,  R5,  Sl»  R7»  S2  in  a 
parallel  circuit  as  shown  in  the  pictorial 
diagram. 

-o  o  

R3 

■ — BD — " 

,  SI 

' — Ilp*"^' 

 ifa  V 

I  1^--^  1 

REP4'2609 

(NOTE:  Position  SI  closed  and  S2  open). 

3.  Place  the  leads  of  the  ohtnmeter  in  the 
connectors  at  the  top  of  the  trainer,  (Rx 
1000  range)  measure  and  record  the  total 
resistance, 

«t   

CONFIRM  YOUR  ANSWER 


4,   Now  simulate  a  shorted  resistor, 
a.   Close  switch  S*2 
b»   Measure  and  record* 


c.   Open  switch  S-2 
CONFIRM  YOUR  ANSWER 


SUMMARY:  You  can  now  see  that  a  short, 
In  a  one  resistor  branch,  would  cause  the 
fuse  to  blow  If  a  power  supply  were  con- 
nected. Due  to  the  short,  R^  would  be 
zero  ohms  and  1^  would  be  Infinite, 

5.  The  circuit  will  remain  connected  for 
the  next  experiment.  Now  simulate  a  re- 
sistor burned  open, 

a.  Open  switch  SI,  (This  simulates  R5 
burned  open  and  continuity  in  this  branch 
lost), 

b.  Measure  and  record 

 .  

c.  what  would  have  happened  to  total 
current  If  the  power  had  been  applied  to  the 
circuit? 

CONFIRM  YOUR  ANSWERS  ^ 


SUMMARY:    When  a  branch  in  a  parallel 
circuit  Is  lost  through  an  open,  total  re- 
sistance   increases    and    total  current 
decreases. 

6*   When  two  or  more  resistors  comprise 
a  branch  in  a  parallel  circuit,  although 
similar  In  many  ways,  circuit  conditions 
have  some  differences  from  the  one  re- 
sistor branch, 

a.  Connect  switchS2  (In  the  open  posi- 
tion), R6,  Rll,Rl2,andR18  (White  connector) 
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in  a  parallel  circuit  as  shovm  in  tho  pictorial 
diagram  and  adjust  the  power  supply  for 
40  volts.  {Set  R18  fully  CW  orthomajti- 
tnum  resistive  position). 


OC  POWER  SUPPLr 


REP4^2606 

The  following  Is  the  schtjmatlc  diagram 
of  the  circuit  above. 


the  Power  Supply  (Ea  «  Enin  >  ^hG) 
HU  and  H12  comprise  the  other  (Ea  ^  Ej^n 
>  £h12)*  This  also  shows  that  voltage  is 
common  or  the  datne  across  each  branch  of 
tho  parallel  circuit  but  divides  according 
to  the  size  of  the  resistors  In  the  individual 
branches. 

7.  We  wlU  now  simulate  a  shorted  re^ 
sistor.  Turn  H18  to  the  extreme  CCW 
position. 

(This  action  reduces  the  resistance  of  HX8 
to  zero  ohms  and  simulates  a  shorted 
resistor). 

a.  Close  switch  32 

b.  Measure  and  record 


'R18 


'R6 


RIl 
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R12  

c.   Open  switch  S2 

CONFIRM  YOUR  ANSWERS 


VDC 
VDC 
VDC 
VDC 


b.    Close  switch  S2 
c*    Measure  and  Record 
E. 


'R18 


^R6 


'RU 


RI2 

e.   Open  switch  S2. 
CONFIRM  YOUR  ANSWERS 


VDC 
VDC 
VDC 
VDC 


SUMMARY:  You  can  see  from  your  answrrs 
that  Rl8  and  R6  comprise  one  circuit  wlUi  - 


SUMMARY:  K  can  be  seen  that  the  applied 
voltage  in  the  first  branch  is  now  across  S 
due  to  R18  being  short*  More  importantly 
we  find  that  the  conditions  occurring  in 
Branch  I  had  no  effect  on  Branch  n.  What 
was  affected  was  total  circuit  resistance 
(it  decreased)  and  as  a  result  total  circuit 
current  increased* 

8.  An  open  circuit  in  a  two  resistor 
branch  would  have  similar  Indications  as  the 
one  resistor  branch  discussed  in  paragraph 
5  above.  When  a  resistor  opens  In  a  parallel 
branch  that  branch  has  lost  continuity  and  no 
current  will  flow.  The  remaining  branches 
will  continue  to  function  with  no  change  due 
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to  the  common  voUage,  Again  what  vdU  be 
affected  wlU  be  total  circuit  reetatance 
(IncreaaQ)  and  total  circuit  current  (de- 
crease)* 

TURN  OF  THE  POWER  SUPPLY  AND 
REMOVE  ALL  HOOKUP  WIRES* 


DC  POWER  SUPPLY 


R1S 


LABORATORY  EXERCISE  10-3 

OBJECTIVE: 

Using  a  multimeter,  formulaB,  schematic 
diagram,  and  a  trainer  having  an  open  or 
shorted  component  In  a  series-parallel  re- 
sistive circuit,  locate  the  faulty  coniponent. 

LEARNING  STEPS: 

1.  Determine  the  effects  of  a  short  on  a 
serles*parallel  circuit. 

2.  Determine  the  effect  of  an  open  on  a 
series**parallel  circuit* 

EQUIPMENT: 

1.  DC  Resistor  Trainer  5531 

2.  DC  Power  Supply  4649 

3.  Multimeter  FSM*6 

REFERENCES: 

Student  Text,  Volume  1,  paragraphs  7-43 
thru  7-62. 

CAUTION:      OBSERVE      BOTH  PER* 
SONNEL    AND    EQUIPMENT  SAFETY 
AT  ALL  TIMES*  REMOVE  WATCHES 
AND  RINGS. 

PROCEDURE: 

A*    Circuit  Analysis. 

K  Connect  R3,  Rl2  and  Rl6  in  a  series- 
parallel  circuit  as  shown  in  the  pictorial 
diagram  and  adjust  the  power  supply  for 
40  volts.  {Adjust  Rl8  fUIly  Clockwise  or  tothe 
lOK  position). 


The  following  is  the  schematic  dlagran)  with 
the  dotted  line  representing  the  series  portion 
of  the  circuit,  (it  haa  total  current  flowing 
thru  it)  and  the  solid  Une  representing  the 
parallel  portion.  (Total  current  splits  bu- 
yers ly  proportional  to  the  size  of  the  resistor;^ «) 
R3 

I  -AAA/ —  


2,  Measure  the  voltage  drops  to  ascertain 
the  conditions  with  the  circuit  in  proper 
working  order. 


'R3 


'R12 


'Rie 


VDC 
VDC 
VDC 


CONFIRM  YOUR  ANSWERS 


3.   We  win  now  perform  an  experiment  in 
the  series  portion  of  the  clrcut  by  shorting 
and  opening  R3.  First  we  wlU  simulate 
R3,  shorUng, 

a.  Turn  off  the  Power  Supply. 

b.  Place  a  hookup  wire  across  R3. 

CAUTION:  At  this  point  it  is  important  to 
Insure  that  Rl8  {Variable  Resistor)  Is  set  to 
Its  maximum  resistor  value.  If  it  is  set 
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to  the  zero  ohm^  position  and  R3  Is  shorted 
you  have  a  direct  0hort  across  the  battory 
and  the  ^wer  Supply  circuit  breaker  will 
trli).  Recall,  current  always  takes  the  path 
of  least  resistance  and  by  placing  a  wire 
across  RS,  current  will  now  short  around 
the   resistor  instead  of  traveling  thru  it. 


d*    Turn  off  the  power  supply 

0.  Replace  the  Qower  supply  hookup  wire 
to  R3. 

CONFIRM  YOUR  ANSWER. 


c.    Turn  on  the  power  supply 


d.    Measure  and  Record 
E 
E 


'R3' 


'R12 


'R18 


VDC 
VDC 
VDC 


e.  Turn  off  the  power  supply 

f.  Remove  the  simulated  snor^  across  R3, 


SUMMARY^  When  an  open  occurs  in  the 
series  portion  of  the  circuit  you  will  read 
the  applied  voltage  across  the  open  while 
all  other  components  would  read  zero  volts. 
(Remember  to  have  a  voltage  drop  you  have 
to  have  current  and  resistance). 

5,  So  far  in  the  series-parallel  circuit  you 
have  Seen  the  effects  of  opening  and  shorting 
a  resistor  In  the  series  portion  of  the  cir** 
cult,  (R3).  Now  observe  the  effects  of  shorting 
and  opening  a  resistor  in  the  parallel  portion 
of  the  circuit.  First  simulate  a  short. 


CONFIRM  YOUR  ANSWERS. 

SUMMARY:  A  short  across  R3  (in this  series 
portion)  makes  this  circuit  a  parallel  cir- 
cuit* The  applied  voltage  is  across  each  branch 
with  no  voltage  appearing  across  the  short. 


a.    Turn  R18  fUlly  counter  clock*wise* 
(Thi.  action  reduces  R18  to  zero  ohms  and 
simulates  a  shorted  resistor).  What  has 
happened  to  total  resistance?  

b.    Turn  on  the  power  supply 


4.  Now  simulate  resistor  R3  burning  open. 
(Remember  that  R3  is  in  the  series  path. 
An  open  at  this  point  means  that  current 
no  longer  has  a  complete  path  and  will 
stop).. 

a.  Remove  the  hookup  wire  from  the  left 
side  binding  post  ofR3.  (This  action ''breaks^' 
the  circuit  and  simulates  R3  burned  open). 

b.  Turn  on  the  power  supply. 


c.    Measure  and  Record 


c.    Measure  and  Record 


'R3 


VDC 


(Place  voltmeter  leads  acorss  the  open  by 
placing  the  red  lead  on  the  power  supply's 
red  post  and  the  black  lead  on  the  right 
side  binding  post  of  R3). 


■'R12 


'R18 


VDC 
VDC 


'R3 


'R12 


'R18 


VDC 


VDC 


d.  Turn  off  the  power  Supply 

e.  Turn  RlSfully  clockwise  (full  resistance 
position). 

CONFIRM  YOUR  ANSWRS. 


SUMMARY:  A  short  in  the  parallel  branch 
of  a  series-parallel  circuit  will  remove 
the  resistance  and  no  voltage  will  appear  iu 
that  part  of  the  circuit.  The  applied  voltage 
will  be  redistributed  across  the  series  com- 
ponents in  accordance  with  Kirchhoffs  Voltage 
Law.  The  total  resistance  will  be  the  sum 
of  the  series  resistors. 
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e,  Slmulato  R18  burnod  open  by  romovlnK 
the  hookup  wire  from  tho  left  binding  poflt 
of  ni8,  (Thlfl  action  causes  loss  <A  current 
through  that  branch), 

a.   What  happens  to  total  resistance? 


b.  Turn  on  the  ppwer  supply, 
Cp   Measure  and  record 


R3 


RU 


R18 


VDC 
VDC 
VDC 


(NOTE;     To  measure  Emg,  place  the 
voltmeter  across  the  open  by  placing  the 
red  lead  on  the  right  hand  post  <A  R3  and 
the  black  lead  on  the  black  post  <A  the 
power  supply), 

d.  Turn  off  the  power  supply, 

e.  Remove  all  hookup  wires, 
CONFIRM  YOUR  ANSWERS. 

SUMMARY:  When  a  branch  of  a  series^ 
parallel  circuit  opens,  it's  continuity  Is  lost. 
The  voltage  will  be  redistributed  In  accord- 
ance with  Klrchhoffs  Voltage  Law.  This  will 
cause  an  increase  In  total  resistance  and  a 
decrease  In  current. 
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LABORATOnV  EXERCISE  10-4 
OBJECTIVE: 

Using  a  multimeter,  formulas,  schematic 
diagram,  and  ^  trainer  having  an  open  or 
fihorted  Component  In  a  series* parallel  ro* 
slstlve  circuit,  locate  the  faulty  component. 


3.  Use  the  PSM-6  to  locate  the  faulty 
Component  and  note  whether  the  component 
Is  open  or  shorted* 

R  ^  is  (opened)  (shorted). 


4*   Have  your  Instructor  check  your  results. 


EQUIPMENT: 

1.  DC  Resistor  Trainer  SS31 

2.  DC  Power  Supply  4649 

3.  Multimeter  PSM-6 

REFERENCES: 

Student  Text,  Volume  I,  paragraphs  7-43 
thru  7-62. 

CAUTION:     OBSERVE     PCTH  PER- 
SONNEL AND  EQUIPMENT  SAFETY 
RULES    AT    ALL    TIMES.  REMOVE 
WATCHES  AND  RINGS. 

PROCEDURE. 

A.   T  rouble  shoot ing . 

1,  Using  R3,  R6,  and  RU,  construct 
the  circuit  shown  In  the  diagram  and  apply 
power. 


5»  Turn  off  power  supply  and  disconnect 
all  hook-up  wires. 


6.  Using  R5,  R7,  and  R9,  Construct  the 
circuit  shown  In  the  diagram  and  apply 
power. 


REP4'1193 


7.  Have  your  instructor  check  your  circuit 
and  prepare  the  trainer  for  troubleshooting. 


8.  Use  the  PSM-6  to  locate  its  faulty  com- 
ponent and  note  whether  the  component  is 
opened  or  shorted. 


is  (opened)  (shorted). 


9.   Have  your  instructor  cheCkyou  results. 


REP4'1192 


NOTE:  Provisions  are  provided  in  this 
trainer  for  opening  or  shorting  components. 

2.  Have  your  Instructor  check  your  circuit 
and  prepare  the  trainer  for  troubleshooting. 


10.  Turn  off  the  power  supply  and  dis- 
connect all  hook-up  wires. 


CONSULT  YOUR  INSTRUCTOR  FOR  THE 
PROGRESS  CHECK. 
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MODULE  SELF^CHECK 

1.  A  circuit  In  which  no  current  flowd  la 
rcforrect  to  aa 


a.  a  shctrt  circuit. 

b.  a  long  circuit. 

c.  an  open  circuit. 
An  a  closed  circuit. 


2.  When  too  much  current  Hows  In  a 
circuit,  It  contains 


a  short. 


b.   too  much  resistance. 
—  c.   an  open. 
^  d.  discontinuity. 


3.  When  you  connect  a  voltmeter  across  a 
good  resistor  In  an  open  series  circuit, 
the  reading  wlU  be 


a.  Infinite* 

b.  a  portion  of  the  applied  voltage, 
c*  zero. 

d.  the  battery  voltage. 


4.  When  you  connect  an  ohmmeter  across 
an  open  component,  the  reading  will  be: 


a.  a  large  or  small  resistance. 

b.  continuity. 

c.  some  reading. 

d.  Infinite  resistance. 


5.  symptom:  =  1.6  mA,  the  faulty 
component  Is: 


a.  Rl  open. 

b.  Rl  shorted. 


c.  Its  open, 

d.  n3  shortod. 


Romcmbor,  £  «  IR 
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6.  Symptom:  Epi  =  OV  and  En2  »  300V, 
the  faulty  component  Is: 


a.  Rl  open. 

b.  Rl  shorted. 

c.  R2  shorted. 

d.  R3  open 


Remember,  E  ^  IR 


Rl 
100  k0 


—  300V 


R2 

100  ks: 


100  kc: 


CONFIRM  YOUR  ANSWERS 
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ANS'VERS  TO  A  -  ADJUNCT  GUIDE 


ERIC 


1. 

c 

6. 

b 

11. 

c 

2, 

a 

7. 

a 

12. 

d 

3. 

b 

8. 

c 

13, 

b 

4. 

c 

9. 

a 

14. 

a 

5. 

d 

10. 

b 

If  you  missed  ANY  questions,  review  the 
material  before  you  continue. 


ANS'yERS   TO   C  -  ADJUNCT  GUIDE 

1.  a      5.  c 

2.  c  6.  d 
3-    c       7.  c 

4.    c       8.   d  ■ 

If  you  missed  ANY  questions,  review 
the  material  before  you  continue. 


ANS'VERS   TO  E   -  ADJUNCT  GUIDE 


1. 

c 

6. 

b 

11. 

b 

2. 

b 

7. 

d 

12. 

c 

3. 

b 

8. 

b 

13. 

d 

4. 

a 

9. 

c 

14. 

b 

5. 

b 

10. 

c 

15. 

b 

If  you  missed  ANY  questions,  review  the 
material  before  you  continue* 


ANS'VERS   TO  LAB  EXERCISE  10-1 

2b. 

Er22 

5-7  volts 

Er23 

5-7  volts 

ER24 

U- 13  volts 

1-2 

13-15  volts 

11  you  missed  aiiy  questions  recheck 

your 

work 

or  call  the  instructor  for 

assistance. 

3b; 

ER22 

3-9  volts 

£R23 

8-9  volts 

ER24 

0  volts 

1-2 

20-22  volts 

4b. 

ER22 

0  volts 

Er23 

0  volts 

Er24 

0  volts 

1-2 

0  volts 

40-43  volts 

5c. 

Infinite  ohms 

5d. 

Zero  ohms 
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TO  LAB  EXERCISE  10-2 

rvERj 

w  i 

4-4.5  X  ohms 

TO. 

0  ohms 

5b. 

5K  ohms 

5c. 

decreased 

6c. 

ER18 

9-11  volts 

Er6 

28  -  30  volts 

Eru 

10  -  12  volts 

Er12 

27-29  volts 

7b. 

Er18 

0  volts 

Er6 

40  volts 

Eru 

10-12  volts 

Er12 

27  -  29  volts 

ANSWERS   TO  LAB  EXERCISE  10-3 

2. 

Er12 
Er18 

16-19  volts 
21-23  volts 
21-23  volts 

3d. 

Er3 

Er12 

Er18 

0  volts 
40  volts 
40  volts 

4c. 

Er3 

Er12 

Er18 

40  volts 
0  volts 
0  volts 

5a. 

Rt  =>  R3 

5c. 

Er3 

Er12 

Er18 

40  volts 
0  volts 
0  volts 

6a. 

Rt  has  increased  (R3  &  R12  now. 
in  series) 

6c. 

Er3 

Er12 

Er18 

6-8  volts 
32  -  34  volts 
32  -  34  volts 

ANSWERS  TO  MODULE  SELF-CHECK 
1.   c      2.   a      3.  c 
4.   d      5.   c      6.  b 


have  you  answered  all  of  the 
Questions?  if  not,  review  the  * 
m.\terul  or  study  another 
resource  until  you  can  answer 
all  questions  correctly.  if  you 
have,  consult  your  instructor  for 
further  guidance. 
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